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ANALYTI , ULTRACENTRIFUGE — Model E 


a A fundamental instrument 
C pre — 7 for characterizing mole- 
cules by recording their 
behavior in a centrifugal 

field. Measures molecular 
weight, sedimentation 
coefficient, purity, homo- 
geneity, activity coefficients. 
Can study organic and inorganic molecules 

with molecular weights from a few hundred to several 
million, at reduced, ambient, or elevated temperatures. 
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PREPARATIVE ULTRACENTRIFUGE — Model L 


? Generates forces of nearly 200,000 g for 

}. isolating and concentrating viruses, 

a , oF cytoplasmic particles, enzymes, proteins, 

: and a variety of smaller macromolecules. 

Features refrigeration and a vacuum 

P system. Swinging bucket rotors 

f : allow density gradient studies, 
* 


both preparative and analytical. 
STUDYING 


ei \ BN eee ee eee eee eee eee eee ee eee ee eee eee ee eee eee ee 
'* MOLECULES 










ELECTROPHORESIS DIFFUSION — Model H 


and Gouy fringe optical systems. 


j . For extreme precision in 

mo * ‘ N |B) = a H ei ‘ measuring diffusion coefficients/ 
; “” “e, : > for free electrophoresis studies 
; Fe _ featuring automatic photography 

PS. with precision by schlieren, Rayleigh fringe, 


Measurements are reproducible 


research instruments to beibar than 1/98 Stage. 


from Beckman PL TG Ap ae tp eis cccenaksnsecociacebedayneseis 


Provides automatic ion-exchange 
column chromatography as a basic 
laboratory means for separation, 
collection, identification and 
quantitation of amino acids, 

peptides and related compounds 

in studies of protein hydrolyzates, 
physiological fluids, tissue extracts, 
foods, culture media, pharmaceuticals. 


For descriptive brochures, please write 
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N.B.Co. DELIVERS BIOCHEMICALS, NOT EXCUSES! 


A little water won’t dampen our service. If your 
laboratory’s on an island,.our biochemicals reach 
your island...dry. You can plan on 24-hour 
delivery in the U.S.A., a bit longer anywhere 
else. You can also plan on your order being your 
order. N.B.Co. is strong .on accuracy, triple 
checking every order and every mailing label. 
Strong on supply, too, with 2600 different 
biochemicals to fill your every requirement. 
You’ll want to keep N.B.Co.’s 2600-item cata- 
logue in your files. And remember, N.B.Co. has 
the world-wide volume that brings you pure 


biochemicals at lowest prices. If you know what 
you need and need it today, call MOntrose 
2-0214, Cleveland, Ohio. 


NUTRITIONAL BIOCHEMICALS CORPORATION 

21010 Miles Avenue «+ Cleveland 28, Ohio 

| Send for our free October, 1961 Catalog con- 
taining more than 2600 items. Fill out coupon 
and mail today for your copy. sc 
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MODEL MSP 
MINI-POLYGRAPH 
















@ Fully modular 
| @ 2 to 5 channels 


® Rectilinear recording 


4 


@ Simultaneous 8" servo and 
other records on one graph — 


@ Compact versatility—up to 
4 chopper, ECG, or EEG 
channels in any assortment 
—up to 2 servos...for a 

total of 5 channels 


@ Each channel a complete, self-contained inter- @ Rectilinear recording — simple and reliable 
changeable unit linkage with only two moving parts 















® Transducers plug in directly — no extra power 


e iti : 
One or two servos may be used, writing the full supply or pre-nliglideld meted 


width of 8” chart. Sensitivity up to 6 millivolts 
full scale, traverse time approximately 1 second @ Ease of record analysis — the servo record is 


on the same chart as other records (EEG, ECG, 
@ Chopper amplifiers, for pressure or force with a pressure, etc.) — all on 8”-wide fan-folded 


Statham transducer, or for temperature with a paper with millimeter square marking 
thermistor bridge. Include Zener diode regu- 
lated power supply for bridge. May also be used 
as stable high gain DC amplifiers 


e Anti-clogging inking system 


@ Instantaneous speed change without gear 
shifting — 6 speeds 


@ Time and event markers included ® Rugged and sturdy construction 


MODEL M8PM FULLY MODULAR 8-CHANNEL MACRO-POLYGRAPH AVAILABLE 


GILSON MEDICAL ELECTRONICS 


MIDDLETON, WISCONSIN 
On Madison’s West Beltline Highway 
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Computer Simulation of Human Thinking: A. Newell and H. A. Simon........... 


A theory of problem solving expressed as a computer program permits 
simulation of thinking processes. 


Medical Research: Past Support, Future Directions: D. R. Lindsay and E. M. Allen. . 


Aims of the National Institutes of Health are surveyed as its annual 
budget passes the half-billion mark. 


Report on the Right Wing . . . The United Nations on Space, Birth Control... 
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Disarmament, Arms Control, and Strategic Analysis: P. Kecskemeti .............. 


Can strategic analysis reveal methods for controlling threats to peace 
and for preventing nuclear war? 
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Disinhibition of Inhibitory Conditioned Responses Following Selective Brain 
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Leukemogenesis by Urethan in C57Bl Mice Bearing Isologous Tissues from 
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Dinosaur tracks in Lower Cretaceous rocks, Bandera County, Texas. The locality, 
on West Verde Creek on the Davenport Ranch about 9 miles southwest of Bandera, 
was referred to by R. Bird in an article “We captured a ‘live’ brontosaur” in the 
National Geographic Magazine [105, 707 (May 1954)]. [Courtesy Shell Development 
Company. Photograph by Lawrence Hinton] 
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AT THE MOMENT OF DECISION... 
MORE POSITIVE DIAGNOSIS 





To provide more positive diagnosis... to speed slide preparation... to perfect it 
technically and thereby produce exceptional cytolog’cal detail in thin undistorted 
sections ... these are the aims and accomplishments of International’s new model 
CT Microtome Cryostat. 


Everything necessary for precise, frozen sectioning has been conveniently pack- 
aged in one superbly engineered compact instrument. From fresh tissue to fin- 
ished slide in minutes. There is a new, integral Freon fast freezing arrangement. 
Controlled temperatures from —10°C to —20°C are held even with the top open. 
Laboratories significantly speed their service. Pathologists get the best possible 


sections to help them achieve diagnostic certainty even under pressure of time. 


Write for our latest brochure. 


INTERNATIONAL (Cd) EQUIPMENT CO. 


1284 SOLDIERS FIELD ROAD + BOSTON, MASS. 

















‘Crimes and Science Fellowships 


A bill now pending in Congress 
(HR 8556) proposes certain new re- 
quirements for applicants for fellow- 
ship or scholarship grants from the Na- 
tional Science Foundation. One section 
in particular requires that the appli- 
cant must have “provided the Foun- 
dation (in the case of applications 
made on or after October 1, 1961) with 
a full statement regarding any crimes 
of which he has ever been convicted 
(other than crimes committed before 
attaining sixteen years of age and 
minor traffic violations for which a 
fine of $25 or less was imposed) and 
regarding any criminal charges punish- 
able by confinement of thirty days or 
more which may be pending against 
him at the time of his application for 
such scholarship or fellowship.” 

The National Science Foundation, 
anticipating passage of the act, has pre- 
pared and sent to all current applicants 
a form which requires them to state 
whether they have ever been convicted 
of any crime, according to the terms in- 
dicated in the bill. We regret this action 
by the foundation, and we question the 
wisdom of this new requirement. 

We grant that this requirement vio- 
lates no constitutional rights of the in- 
dividual. Conviction for a crime is a 
matter of public record, and it icy 
seem reasonable to take this record 
into account in awarding public funds. 
Furthermore, according to the pro- 
posed legislation the foundation would 
decide whether or not the matters dis- 
closed are serious enough to dis- 
qualify the applicant. It might there- 
fore be argued that the disclosure 
would simply improve the basis for 
making the kind of judgment of char- 
acter in which every university would 
be interested. Nevertheless, we believe 
that the purposes of the fellowship 
program would not be well served by 
assigning this responsibility to a gov- 
ernment agency. 

We must recognize a fundamental 
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difference 


between a government 
agency and a university. Universities 
have long recognized the importance, 
in fulfilling their roles, of protecting 
the right of individuals to espouse un- 
popular causes, provided they do so 
with integrity. Crimes involving intel- 
lectual dishonesty would be of grave 
concern to a university. On the other 
hand, certain actions that are crimes in 
the eyes of the law have little relation 
to the fitness of a person to contribute 
to scientific knowledge, and thereby to 
serve his country and the world. For 
instance, an applicant might have been 
imprisoned for taking part in a demon- 
stration against segregation in a South- 
ern state, or for being a conscientious 
objector. Or he might have refused, on 
the basis of the First Amendment, to 
give certain testimony before a con- 
gressional committee. Such crimes may 
be evidence not of a defect of character 
but of exceptionally uncompromising 
independence and _ integrity. While 
these traits may be expressions of a 
“difficult” personality, the history of 
science has amply demonstrated that 
the same traits are frequently associated 
with the most original and creative 
scientific _ work. 

Although in principle the bill would 
permit the foundation to discriminate 
between crimes that are relevant to the 
purposes of the fellowship and those 
that are not, we can hardly assume 
that a government agency, under the 
watchful eye of Congress, would feel 
free to support a politically cantanker- 
ous but brilliant applicant. Indeed, one 
cannot escape the suspicion that the 
bill is aimed precisely at such persons, 
under the innocent guise of helping to 
reveal evidence of the defects of char- 
acter that one ordinarily associates 
with conviction for a serious crime. 
The bill thus appears to represent, in 
veiled form, a return toward an earlier 
McCarthyite obsession with internal se- 
curity. In this connection we note that 
National Science Foundation fellow- 
ships are for open, unclassified re- 


search; no questions of national security 
are involved in granting them. 

The most important consequence of 
this bill would not be the very rare dis- 
qualification of an applicant with a his- 
tory of crime. Rather, it would be the 
intensified pressure on students for po- 
litical conformity. By that token, the 
measure would undoubtedly discourage 
some exceptionally independent indi- 
viduals from undertaking careers in 
science. If universities, in their increas- 
ing dependence on government for 
financial support, are to maintain their 
traditional role as centers of free in- 
quiry and are to encourage intellectual 
adventure, they must resist influences 
from the government that restrict their 
freedom and discourage boldness in 
their students. The danger from a rare 
fellowship award to a person of ques- 
tionable character is small; the long- 
term danger from creating an atmo- 
sphere of intellectual intimidation is 
large. 

On these grounds we conclude that 
passage of this section of HR 8556 
would do harm, not good, and we re- 
cord our opposition to it. 

BERNARD D. Davis 
JoHN T. EpDsALL 
DonaLp R. GRIFFIN 
Harvard University, 
Cambridge, Massachusetts 
Cyrus LEVINTHAL 
S. E. Luria 
Massachusetts Institute of Technology, 
Cambridge 
BENTLEY GLASS 
Johns Hopkins University, 
Baltimore, Maryland 


On Ice 


In his recent discussion of ice alloys 
[Science 134, 164 (1961)], Kingery 
presented some views on the state of 
knowledge on the strength of crystals 
which I question. For example, he 
seems to believe that dislocation theory 
has provided a basis for rationalizing 
observed strengths of metals and alloys 
and for developing improvements logi- 
cally. In contrast to his point of view, 
I believe that even though this is one 
of the few areas of theoretical thinking 
in which workers have been active for 
a generation, the hypotheses produced 
are, at best, of marginal usefulness to 
thinking about the mechanical behavior 
of metals. 

(Continued on page 2054) 
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Baird-Atomic introduces a new 


AUTOMATIC SAMPLE CHANGING SYSTEM 


This simplified system incorporates the 
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by the new B/A Model 135 Scaler-Timer. 
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For complete details, call or write your 
nearest B/A representative today. 

bere B cl: pele M1) ae lelsMes 66 (elo bebe @r-beelesuletsiom 
New York, Philadelphia, San Francisco, 
Cleveland, Washington, D.C., Atlanta, 
Dallas, Chicago, Los Angeles, Pittsburgh, 
Detroit, Ottawa, Canada. 

Engineers and scientists: Investigate the 
challenging opportunities with B/A. Write 
Industrial Relations Director. All qualified 
applicants will receive consideration for em- 
ployment without regard to race, creed, color 


or national origin 


BAIR D-ATOM/C,/NC. 
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Costly Cash 


Anyone who visits the science departments of a fair sample of our 
most eminent universities will be impressed by the high quality of the 
scientists, the diversity of research projects, and the plentiful supply of 
the complex and expensive instruments essential to modern scientific 
research. But another impression is equally unavoidable: many first-class 
men and their instruments for research are housed in hallways partitioned 
off to serve as makeshift laboratories, in converted basement rooms, or 
in jerry-built “temporary” buildings put up during the second or even 
the first world war. 

A complete account of the reasons for the disproportion between the 
support of men and equipment and the provision of adequate housing 
would require an extensive study of the relation between universities and 
the federal government and of the policies that govern expenditure of 
funds for research from public and private sources. In its main outlines, 
however, the explanation is at hand. During World War II the federal 
government began to assume major responsibility for the support of re- 
search in educational institutions, through the Office of Scientific Re- 
search and Development. This support has since been continued by a 
number of successor agencies. The most general practice is for the 
agencies to provide support for research projects and training—support that 
includes funds for technical assistants and for equipment but not for 
laboratory space. Funds for new buildings for scientific or medical re- 
search can be obtained only on a matching basis. And it is here that 
the account becomes complicated. One reason universities find it so 
difficult to find matching funds for buildings is, paradoxically, that the 
grants for project research do not provide enough money to pay the 
indirect costs. 

In a recent study at Harvard, one of 23 now under way with the 
support of the Carnegie Foundation for the Advancement of Teaching, 
it was estimated that while spending $11.9 millions of federal funds for 
project research, the university incurred an obligation for unreimbursed 
indirect costs of $687,000. 

On the basis of a formula worked out by the U.S. Bureau of the 
Budget, Harvard determined that 28.5 percent of the total costs was 
an allowable charge for indirect costs on research projects. Some federal 
agencies paid this amount, but HEW is limited by law to a 15-percent 
charge for overhead, and the NSF has only recently gone from 15 to 
20 percent. Every research grant accepted thus cuts into the general 
funds that might be used for matching grants or, so far as that goes, 
for operating university departments outside the sciences. 

According to the Harvard study there are additional matters for con- 
cern: the concentration of research money in only a few institutions; 
the threat to the balance between the humanities and the sciences; and 
the heavy emphasis on research at the expense of teaching. 

Piecemeal support by diverse federal agencies means that no agency 
considers the effects of its operations on higher education as a whole. 
What is the proper formula for indirect costs? When the Carnegie- 
supported studies of the relation of the 23 universities to the federal 
government are completed, government and the universities can better 
appraise their joint responsibilities for education and research, and for 
bricks and mortar.—G.DusS. 








The PACKARD ARMAC 


Scintillation Detector... 


A compact, wholly self-contained liquid scin- 
tillation detector that can be used as a 
whole body counter for small animals, as a 
radioactivity counter for bulk samples of 
foods, soils and other materials, and as an 
arm-only counter on humans. 


This versatile and economical new instru- 
ment enables the research worker to count 
even natural levels of radioactivity con- 
veniently. Because of the great sensitivity 
and excellent counting geometry of the 
ARMAC Detector, high counting rates 
can be obtained with the administration 
of very small amounts of radio-nuclides 

. . only 1/100 to 1/1000 of maximum 
permissible levels. 


A complete system consists of the ARMAC 
Detector and a Model 410A Auto-Gamma 
Spectrometer, both mounted on a mobile 
housing. Provision is made for addition of 
automatic data read-out or ratemeter pres- 
entation. Complete information can be 
obtained from your Packard Sales Engi- 
neer or by writing direct to the company. 
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The path of scientific investigation 
n any field of knowledge records a 
tfesponse to two opposing pulls. On the 
pbne side, a powerful attraction is ex- 
brted by “good problems”—dquestions 
Whose answers would represent funda- 
mental advances in theory or would 
brovide the basis for important applica- 
ions. On the other side, strong pulls 
Are exerted by “good techniques’— 
ools of observation and analysis that 
have proved to be incisive and reliable. 
he fortunate periods in a science are 
hose in which these two pulls do not 
paralyze inquiry by their opposition 
but cooperate to draw research into 
fruitful channels. 

When this happy condition is not 
bubstantially satisfied, science is threat- 
ened by schism. Some investigators will 
nsist on working on important prob- 
ems with methods that are insufficient- 
y powerful and that lack rigor; others 
Will insist on tackling problems that are 
easily handled with the available tools, 
however unimportant those problems 
may be. 

Stress arising from the mismatch of 
ends and means is seldom completely 
Absent from any science; examples 
Fould be provided from contemporary 





Dr. Newell is Institute Professor of systems 
And communications sciences, and Dr. Simon is 
professor of administration, Graduate School of 
Industrial Administration, Carnegie Institute of 
Technology, Pittsburgh, Pa. Both authors are 
ponsuitants to the Rand Corporation, Santa 
Monica, Calif. 
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Computer Simulation of 
Human Thinking 


KA theory of problem solving expressed as a computer 
program permits simulation of thinking processes. 


Allen Newell and Herbert A. Simon 


biology, meteorology, or mathematics. 
But it has been blatantly apparent in 
the science of psychology. This is true 
even if we leave out of account the 
tremendously important practical prob- 
lems that are posed for the field by its 
potential applications in the clinic, in 
education, and in many areas of social 
policy. In basic research the disparity 
has been strikingly visible. We can 
fairly classify most psychological re- 
search, and even most research psy- 
chologists, by their orientation on this 
issue. “Gestaltism” is one of the labels 
applied to question-oriented psychol- 
ogy; “behaviorism” is the label most 
commonly applied to method-oriented 
psychology. It is no accident that re- 
search on human thinking, problem 
solving, personality, verbal behavior, 
and social phenomena has tended to 
attract psychologists closest to the 
“Gestalt” end of the continuum, while 
research on animal behavior, physio- 
logical psychology, rote memory, and 
simple motor skills has been primarily 
the domain of behaviorists. 

It is commonly agreed that the divid- 
ing lines between the two points of 
view have become less clear since 
World War II. Several reasons might 
be given for this trend, but a full ex- 
planation would include the impact of 
new ideas drawn from cybernetics and 
the rapidly developing communications 
sciences. Complex electronic devices 


using feedback mechanisms to secure 
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adaptive behavier have clarified con- 
cepts such as “goal seeking” and 
“learning” and have showed how these 
concepts could be made operational. 
This clarification has encouraged prob- 
lem-oriented psychologists to give more 
precise operational meaning to terms 
that had been vague, and has en- 
couraged technique-oriented psychol- 
ogists to tackle problems that earlier 
appeared too complex for .their tools. 

The developments now taking place 
in psychology involve much more, 
however, than just a borrowing of new 
terms and new metaphors from other 
sciences. They involve the use of the 
digital computer as a tool both for 
constructing theories and for testing 
them. Enough has already been learned 
about this tool and its potentialities to 
indicate that many of the “good prob- 
lems” of psychology are now within 
reach of the “good techniques.” 

We should like to discuss here one 
of several important applications of the 
computer to psychological research— 
its use as a device for simulating the 
processes of human thinking. We shall 
not attempt a review of computer- 
based research in this one sphere of 
application but shall present instead a 
specific example drawn from our own 
work. 


The Behavicral Phenomena 


Let us begin with a sample of the 
phenomena we wish to explain. We 
seat a subject in the laboratory (a 
college sophomore, member of a 
ubiquitous species in psychological re- 
search). We present him with a prob- 
lem, which we tell him is a problem 
in “recoding” symbolic expressions. 
We present a certain expression: 


R.(~~PDQ) (1) 


and ask him to obtain from it a second 
expression: 


(QvP).R (2) 
by applying to the first expression a 
succession of rules of transformation 
drawn from a list which we also put be- 
fore him. 
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Readers familiar with symbolic logic 
will recognize the expressions and the 
rules, but the subjects were. unac- 
quainted with formal logic. The sub- 
jects read the first expression, for ex- 
ample as, “(r) dot (tilde-p horseshoe 
q).” They made no use of the meanings 
of the expressions in their usual inter- 
pretation but simply manipulated them 
as organized collections of symbols. If 
the reader wishes to follow the analysis 
in detail, he should adopt the .same 
point of view. 

We asked the subject to announce 
aloud each rule that he wished to apply 
and the expression that would result 
from its application. The experimenter 
then wrote the new expression on a 
blackboard. We also asked the subject 
to talk aloud about what he was do- 
ing—‘“what he was thinking about.” 
We recorded the entire session on 
tape. 

Tiere is the protocol of a subject 
working on the problem stated above 
(subject No. 9, problem a1). 

Subject: “I’m looking at the idea of 
reversing these two things now.” 

Experimenter: “Thinking about re- 
versing what?” 

Subject: “The R’s .. . then I’d have 
a similar group at the beginning, but 
that seems to be . . . I could easily 
leave something like that ’til the end, 


except then I'll... .” 
Experimenter: “Applying what rule?” 
Subject: “Applying, . . . for instance, 


2. That would require a sign change.” 

Experimenter: “Try to keep talking, 
if you can.” 

Subject: “Well .. . then I look down 
at rule 3 and that doesn’t look any too 
practical. Now 4 looks interesting. It’s 
got three parts similar to that. . . and 
there are dots, so the connective .. . 
seems to work easily enough, but there’s 
no switching of order. I need that P 
and Q changed, so... I’ve got a horse- 
shoe there. That doesn’t seem practical 
any place through here. I’m looking 
for a way, now, to get rid of that 
horseshoe. Ah . . . here it is, rule 6. 
So I'd apply rule 6 to the second part 
of what we have up there.” 

Experimenter: “Want to do that?” 

Subject: “Yeah.” 

Experimenter: “OK, to line 1 you 
apply rule 6. Line 2 is Re(PvQ).” 

Subject: “And now I’d use rule 1.” 

Experimenter: “Rule 1 on what 
part? You can use it with the entire 
expression or with the right part.” 

Subject: “I'd use it both places.” 

Experimenter: “Well, we'll do them 
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one at a time... 
first?” 

Subject: “Well, do it with P and Q.” 

Experimenter: “Rs(QvP). Now the 
entire expression?” 

Subject: “Yeah.” 

Experimenter: “On line 3, rule 1 
... you'd get (QvP).R.” 

Subject: “And . . . that’s it.” 

Experimenter: “That’s it all right; 
OK .. . that wasn’t too hard.” 

The research problem, then, is to 
construct a theory of the processes 
causing the subject’s behavior as he 
works on the problem, and to test the 
theory’s explanation by comparing the 
behavior it predicts with the actual be- 
havior of the subject. How can a 
computer help us to solve this prob- 
lem? 


which do you want 


Nonnumerical Computer 


Program as a Theory 


An electronic digital computer is a 
device for adding, subtracting, multiply- 
ing, and dividing very rapidly. But it 
is now known to be much more than 
this. Speed in executing arithmetical 
operations is achieved by providing the 
computer with a program (usually 
stored in the computer memory) to 
govern the sequence of its operations, 
but designed to make that sequence 
conditional on the results of previous 
operations. 

The instructions that make up the 
computer program, like the data on 
which it operates, are symbolic expres- 
sions. But while the data are normally 
interpreted as numbers, the instruc- 
tions are interpreted as sequences of 
words—as sentences in the imperative 
mode. When the computer interprets 
the instruction “add A to B,” it pro- 
duces the same result that a person 
would produce if he were asked in 
English to “add the number labeled 
A to the number labeled B.” 

We see that a computer is not mere- 
ly a number-manipulating device; it 
is a symbol-manipulating device, and 
the symbols it manipulates may repre- 
sent numbers, letters, words, or even 
nonnumerical, nonverbal patterns. The 
computer has quite general capacities 
for reading symbols or patterns 
presented by appropriate input devices, 
storing symbols in memory, copying 
symbols from one memory location to 
another, erasing symbols, comparing 
symbols for identity, detecting specific 
differences between their patterns, and 





behaving in a manner conditional on 
the results of its processes. 

Let us return now to our human 
subject in the laboratory. His behavior, 
which we wish to explain, consists of a 
sequence of symbol emissions. This 
statement does not depend on the 
“thinking aloud” technique used in 
these experiments. It would be equally 
true if the subject had responded to 
the task in writing, or by pushing 
buttons. In all cases, his behavior can 
be interpreted as a sequence of symbol 
productions—in the last case cited, a 
sequence of L’s and R’s, where L stands 
for “left button” and R_ stands for 
“right button.” 

We can postulate that the processes 
going on inside the subject’s skin— 
involving sensory organs, neural tissue, 
and muscular movements controlled by 


the neural signals—are also symbol-— 


manipulating processes; that is, pat- 
terns in various encodings can be de- 
tected, recorded, transmitted, stored, 
copied, and so on, by the mechanisms 
of this system. We shall not defend the 
postulate in detail—its true defense lies 
in its power to explain the behavior. 
Nor shall we speculate in detail about 
the precise neurophysiological mecha- 
nisms and processes that correspond to 
terms such as symbol transmission, 
stored symbol, copying, and the like. 

Instead we shall adopt the tactic, 
highly successful in other sciences, of 
allowing explanation at several distinct 
levels, without for a moment denying 
that the mechanisms producing the be- 
havior are ultimately reducible to phys- 
iological mechanisms and that these, 
in turn, are reducible to chemical and 
physical mechanisms. Just as we ex- 
plain what goes on in the test tube by 
chemical equations and subsequently 
explain the chemical equations by 
means of the mechanisms of quantum 
physics, so we will attempt to explain 
what goes on in the course of thinking 
and problem solving by organization 
of symbol-manipulation processes, put- 
ting to one side the task of explaining 
these processes in neurophysiological 
terms. 

This approach to building a theory 
of complex behavior is depicted in Fig. 
1. We are concerned with the top 
half of the figure—with reducing the 
overt behavior to information proc- 
esses. If this reduction can be carried 
out, then a second body of theory will 
be needed to explain information 
processes on the basis of neurological 
mechanisms. Tunneling through our 
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mountain of ignorance from both sides 
will prove simpler, we hope, than try- 
ing to penetrate the entire distance 
from one side only. 

Using Fig. 1, we begin to see how a 
computer can help with the half of the 
tunneling operation that concerns us 
here. We postulate that the subject’s 
behavior is governed by a program or- 
ganized from a set of elementary in- 
formation processes. We encode a set 
of subprograms (subroutines) for a 
digital computer, each of which ex- 
lecutes a process corresponding to one 
of these postulated information proc- 
esses. Then we undertake to write a 
program, compounded from __ these 
subroutines, that will cause the com- 
puter to behave in the same way that 
the subject behaves—to emit substan- 
tially the same stream of symbols— 
when both are given the same problem. 
If we succeed in devising a program 
that simulates the subject’s behavior 
rather closely over a significant range of 
problem-solving situations, then we can 
regard the program as a theory of the 
behavior. How highly we will prize the 
theory depends, as with all theories, on 
its generality and its parsimony—on 
how wide a range of phenomena it ex- 
plains and on how economical of ex- 
pression it is. 

It can be seen that this approach 
does not assume that the “hardware” 
of computers and brains are similar, 
beyond assuming that both are general- 
purpose symbol-manipulating devices 
and that the computer can be pro- 
grammed to execute elementary in- 
formation processes that are function- 
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Fig. 1. Levels in an information processing theory of human thinking. 


ally quite like those executed by the 
brain. When we begin to theorize about 
the reduction of information processes 
to hardware, the brain and the com- 
puter (at least the computer used in 
this particular way) part company 
(see Fig. 1). The former calls for a 
physiologist, the latter for an electrical 
engineer or physicist. 

From a formal standpoint, a com- 
puter program used as a theory has 
the same epistemological status as a 
set of differential equations or differ- 
ence equations used as a theory: 

1) Given a_ set of initial and 
boundary conditions, the differential 
equations predict the successive states 
of the system at subsequent points in 
time. 

2) Given a set of initial and sub- 
sequent environmental inputs, the com- 
puter program predicts the successive 
states of the system (the subject’s 
symbol emissions and the state of his 
memory) at subsequent points in time. 

With this use of the computer we 
construct “equations” for nonnumeri- 
cal symbol-manipulation phenomena 
without ever translating the phenomena 
into numerical form. 


General Problem Solver 


Our attempt to explain the problem- 
solving protocol, excerpted above, and 
others like it takes the form of a com- 
puter program that we call the General 
Problem Solver (GPS). 

The program has means for repre- 
senting internally (that is, in_ its 


memory) symbolic structures corres- 
ponding to the logic expressions, the 
rules for transforming expressions, and 
new expressions generated by applying 
the rules. The problem cited above is 
represented internally in the form of 
an expression that means “transform 
1 into 2.” We call the symbolic struc- 
tures corresponding to the logic expres- 
sions objects; the structures corres- 
ponding to the problem statement and 
similar statements, goals. The pro- 
gram attains goals by applying opera- 
tors to objects, thus transforming them 
into new objects. 

The program has processes for ap- 
plying operators to objects. It also has 
processes for comparing pairs of 
objects; these processes. produce (in- 
ternally) symbols that designate the 
differences between the objects com- 
pared. It has processes for generating 
new goals from given objects, opera- 
tors, and differences. 

The processes of GPS are organized 
around three types of goals and a small 
number of methods for attaining goals 
of these types (see Fig. 2). 

1) Transformation goals. These are 
of the form already illustrated: Trans- 
form object a into object b. 

Method 1. Compare a with b to find 
a difference, d, between them; if there 
is no difference, the problem is solved. 
Construct the goal of reducing differ- 
ence d between a and b. If successful, 
the result will be a transformation of 
a into a new object, c. Now construct 
the new goal of transforming c into b. 
Attaining this goal will solve the 
original problem. 

Method I’. There is another method, 
the planning method, for attaining 
transformation goals. We do not have 
space to describe it in detail here. 
Briefly, it involves replacing the objects 
with corresponding abstracted objects, 
say, a” and 5b”, then transforming 
a” into b” by means of the other 
methods and using the resulting se- 
quence of operations as a plan for 
transforming a into b. 

2) Operator application goals. These 
are of the form: Apply operator q 
to object a. 

Method 2. Determine whether a 
meets the conditions for application of 
q. If so, apply q; if not, determine a 
difference between a and an object to 
which q is applicable. Construct the 
goal of reducing this difference. If 
successful, a new object a’ will be pro- 
duced, which is a modification of a. 
Now try to apply q to a’. 


2013 








3) Difference reduction goals. As 
we have just seen, these are of the 
form: Reduce difference d between ob- 
jects a and b. 

Method 3. Find an operator, q, that 
is relevant to the difference in question 
(the meaning of relevance will be ex- 
plained in a moment). Construct the 
goal of applying q to a. If successful, 
the result will be a transformation of 
a into a new object, c, which will not 
differ as much from b. 

Thus, the General Problem Solver is 
a computer program comprised of 
rather general processes for reasoning 
about ends (goals) and means (opera- 
tors). It is general in the sense that the 
program itself makes no reference to 
the precise nature of the objects, dif- 
ferences, and operators with which it is 
dealing. Hence, its problem-solving 
capacities can be transferred from one 
kind of task to another if it is provided 
with information about the kinds of 





objects, differences, and operators that 
characterize and describe the particular 
task environment it is to handle. Thus, 
to solve logic problems, it must be 
provided with a format for representing 
logic expressions, tests for the differ- 
ences that must be recognized between 
pairs of expressions, and a list of the 
allowable operators. The rules of the 
game it is to play must be described to 
it. 

At present, the General Problem 
Solver is also provided with a “table 
of connections” that lists the operators 
that are potentially useful (relevant) 
for reducing each of the recognizable 
types of differences. We have indicated 
in another place how this program 
could use its own _ problem-solving 
processes to construct the table of dif- 
ferences, and how it might even evolve 
a suitable set of differences if these 
were not provided to it in a new task 
environment (/). 
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Testing the Theory 


How adequate the program is as an 
information-processing theory of hu- 
man problem solving can be asked at 
several levels of specificity. At the 
grossest level, we may ask whether 
the program does, in fact, solve prob- 
lems of some of the sorts that humans 
solve. This it demonstrably does. 
Hence we may say that its program 
constitutes a system of mechanisms, 
constructed from elementary informa- 
tion processes, that is sufficient for 
solving some problems. It provides an 
unequivocal demonstration that a 
mechanism can solve problems by func- 
tional reasoning. 

The general kinds of means-end 
analysis that the General Problem 
Solver uses are also the methods that 
turn up in the subjects’ protocols. We 
have examined in fair detail some 20 
protocols of subjects solving logic prob- 
lems (2). Virtually all the behavior in 
these protocols falls within the general 
framework of means-end analysis. The 
three goal types we have described 
account for about three-fourths of the 
subjects’ goals, and the additional goal 
types that appear in the protocols are 
closely related to those we have de- 
scribed. The three methods we have 
outlined represent the vast majority of 
the methods applied to these problems 
by the subjects. In addition, the plan- 
ning method, mentioned above, appears 
in several different forms in_ the 
protocols. 

Protocols of human problem-solving 
behavior in a range of tasks—playing 
chess, solving puzzles, writing computer 
programs—contain many sequences of 
behavior that are also quite similar to 
the means-end analysis of the General 
Problem Solver. We may cite, for ex- 
ample, the following excerpt from the 
thinking-aloud protocol of a chess 
player: “Again I notice that one of 
his pieces is not defended, the rook, 
and there must be ways of taking ad- 
vantage of this. Suppose now, if I push 
the pawn up at bishop 4, if the bishop 
retreats I have a queen check and I 
can pick up the rook. If the bishop 
takes the pawn, then I can win a piece 
by simply again bringing either the 
queen down with check, or knight 
takes bishop.” 

We cannot, of course, on the basis 
of this kind of evidence, conclude that 
GPS provides an adequate explanation 
fc: all these kinds of problem-solving 
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behavior. Many other mechanisms may 
be involved besides those that are in- 
corporated in it. Only when a program 
simulates the entire sequence of be- 
havior—for example, makes the same 
chess analysis as the human player— 
do we have any assurance that we have 
postulated a set of processes that is 
sufficient to produce the behavior in 
question. 

These tests are still very general and 
do not take into account differences 
among the programs of different sub- 
jects. Obviously, not all subjects solve 
the problems in exactly the same way. 
The evidence presented thus far sug- 
gests that programs of most subjects 
share the general qualitative features 
of GPS, but there are variations in 
detail. We can subject the theory to 
further tests by seeing what modifica- 
tions in GPS, if any, will enable us to 
predict, in detail, the symbolic be- 
havior of a particular subject during 
some interval of his problem-solving 
activity. 

In Fig. 3 we compare, in parallel 
columns, the protocol segment intro- 
duced earlier with the output of a 
particular version of GPS set to the 
task of solving the same problem. The 
right-hand half of Fig. 3 is the human 
subject’s protocol; the left-hand half 
is the trace of the program. The 
language of the subject is much less 
stylized than the language of the com- 
puter. To fit the theory, we must, for 
example, interpret a sentence such as, 
“I'm looking at the idea of reversing 
these two things now,” as equivalent 
to “Construct the difference-reduction 
goal of eliminating the difference in 
position of corresponding subparts in 
objects L1 and L2.” To make such a 
translation is, in practice, not too dif- 
ficult, and having made it, we can 
determine in great detail the similari- 
ties and differences between the pro- 
grams of the subject and the computer, 
respectively. 

Let us consider some of the differ- 
ences visible in the example at hand— 
differences that represent inadequacies 
of GPS in its present form as an ac- 
curate theory of the subject’s behavior. 
Observe that the subject solves the 
entire problem in his head and then 
asks the experimenter to write the 
actual transformations on the black- 
board. The GPS program, in the ver- 
sion shown here, makes no provision 
for such a distinction between the 
internal and external worlds; hence, 


2016 


the trace corresponds only to the sub- 
ject’s covert (but verbalized) problem 
solving. For example, GPS and the 
subject both discover in the same se- 
quence the correct rules for transform- 
ing the problem expression, but the 
subject “publicly” applied these rules 
in the reverse order. 

Another difference, characteristic of 
these data, and of such data in general, 
is that a number of things appear in 
the trace that have no correspondents 
in the human protocol—most promi- 
nently, the references here in the trace 
to rules 5, 7, and 8. We cannot tell 
whether these omissions indicate an 
error in the theory, or whether the sub- 
ject noticed the ru’es in question but 
failed to mention them aloud. 

In contrast to these differences, there 
is some striking correspondence in de- 
tail between the computer trace and 
the subject’s protocol. First, in noticing 
differences between pairs of expres- 
sions, both GPS and the subject pay 
most attention to differences in the 
positions of symbols, next most atten- 
tion to the presence or absence of “~” 
signs, and least attention to differences 
in connectives. This shows up, for ex- 
ample, in the refusal of both to apply 
rule 2, after mentioning it, to reorder 
the expression, because applying the 
rule involves changing a sign. Second, 
of the several possible paths to solution 
of the problem, both program and 
subject chose an application of rule 
6 and two applications of rule 1. 

These samples of success and fail- 
ure will give the reader some indica- 
tion of the kind of detailed comparison 
that can be made between theoretical 
predictions of computer models of this 
kind and actual human behavior. Much 
remains to be learned about how to 
make such comparisons and how to 
test their “goodness of fit.” The 
fragmentary evidence we have obtained 
to date encourages us to think that 
GPS provides a rather good approxima- 
tion to an _ information-processing 
theory of certain kinds of thinking and 
problem-solving behavior. The proc- 
esses of thinking can no longer be 
regarded as completely mysterious. 


Conclusion 


A digital computer is a general-pur- 
pose symbol-manipulating device. If 
appropriate programs are written for 
it, it can be made to produce symbolic 





output that can be compared with the 
stream of verbalizations of a human 
being who is thinking aloud while 
solving problems. The General Prob- 
lem Solver-is a computer program that 
is capable of simulating, in first ap- 
proximation, human behavior in a 
narrow but significant problem domain. 

The General Problem Solver is not 
the only existing program of this type. 
There is a program, the predecessor of 
GPS, that also discovers proofs for 
theorems, but only in symbolic logic 
(3). There are programs for proving 
theorems in geometry (4), for design- 
ing electric motors, generators, and 
transformers (5), for writing music (6), 
and for playing chess (7). There are 
programs that “learn”—that is, that 
modify themselves in various respects 


on the basis of experience (8). We omit - 


from the list those programs that make 
primary use of the computer’s arith- 
metical capabilities and that are not 
particularly like human processes, even 
in their general organization. All of 
the programs listed, other than GPS, 
are limited to a single task environ- 
ment, and none of them seeks to 
simulate the corresponding human 
processes in detail. Nevertheless, their 
underlying structures are all extremely 
similar, involving selective search for 
possible solutions based on rules of 
thumb, or heuristics. This communality 
provides further evidence of the basic 
correctness of the approach illustrated 
by the General Problem Solver in the 
construction of a theory of human 
thinking. 

In our discussion we have limited 
ourselves to problem-solving programs. 
Several recent investigations under- 
take to simulate other kinds of human 
cognitive activity that have been studied 
in the psychological laboratory. Feld- 
man (9) has written a simulation pro- 
gram for partial reinforcement experi- 
ments; Feigenbaum (/0) and Feigen- 
baum and Simon have written a pro- 
gram that simulates subjects’ behavior in 
rote memory experiments; Hunt and 
Hovland (//) and Laughery and Gregg 
have written progiams that simulate 
concept-forming behavior. In addition, 
there are a substantial number of pro- 
grams for pattern-recognition tasks. 
There are now a score or more of re- 
search psychologists who are construct- 
ing and testing information-processing 
theories of cognitive processes, formu- 
lating their theories as computer pro- 
grams, and testing them by comparing 
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the computer simulations with the pro- 
tocols of human subjects. 

Psychology has discovered an im- 
apn new tool whose power appears 
o be commensurate with the com- 
plexity of the phenomena the science 
seeks to explain. As our skills in using 
this new tool develop, we may expect 
that the paralyzing conflict between the 
good problems in psychology and the 
good techniques will be greatly lessened 
(12). 





The health status of the nation is a 
complex matter, involving many factors. 
Cancer, tuberculosis, heart disease, 
pneumonia and _ influenza, arthritis, 
blindness, deafness, mental illnesses, 
diabetes—these are only a few of the 
hundreds of diseases and disabilities 
that have long afflicted mankind and 
that still persist as greater or’ lesser 
health problems in this and other coun- 
tries. 

New diseases have appeared in the 
world from time to time, and the in- 
dustrial age has brought with it environ- 
mental health problems not dreamed 
of by earlier generations. Left to them- 
selves these influences, together with 
the greater opportunities for the spread 
of contagion in a crowded urban soci- 
ety, would have brought our national 
health level to a new low, beneath that 
of the preponderantly rural society of a 
century ago. Yet, as we are all aware, 
such have been the advances in the 
broad attack upon these influences that 
there has been a steady improvement in 
the health status of the nation. 

The picture has not been one of uni- 
form improvement on all fronts, as 
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may be seen in the death rates for our 
two major killers, heart disease and 
cancer (Table 1). We find encourage- 
ment, on the other hand, in figures such 
as those in Table 2, for three other dis- 
ease categories. Still other diseases 
have declined to so low a level of im- 
portance in the total health picture that 
they must be looked for only among 
the fine details. Typhoid fever, malaria, 
and smallpox, once scourges, have been 
tamed. The hookworm problem is stead- 
ily diminishing in importance in areas 
where hookworm was once so preva- 
lent. Pellagra is almost a thing of the 
past. 


Health Parameters 


We may feel the need of an over-all 
measurement that expresses or reflects 
the nation’s present health status and 
permits us to evaluate past and future 
change. One that is informative is the 
age-adjusted death rate in our popula- 
tion for deaths from all causes. It stands 
now at only 44 percent of the death 
rate at the beginning of the century and 
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has gone down appreciably even in the 
past several years (Table 3). 

Another over-all measurement, a dif- 
ferent health parameter of the. popula- 
tion, is the average life span, known 
technically as the “life expectancy at 
birth.” It stands at the highest figure in 
our history, is among the highest in the 
world, and has risen noticeabiy in even 
so short a period as the past 8 or 9 
years (Table 4). 

Further information, of a different 
sort, dealing with the prevalence of all 
illnesses, not just those that have a fatal 
outcome, might be had from figures on 
the average number of days per person 
per year lost from work or other nor- 
mal activity because of illness—the 
average days of “incapacity.” No infor- 
mation from which to compute this 
additional parameter is available for the 
past decade, but we may anticipate that 
such data for coming years will be 
available in the future (/). 

The death rate, average life span, 
and average days of incapacity are not, 
of course, the only informative pa- 
rameters of the health of a population 
that one might desire. The summary 
data that are available and that are 
given here, however, do reflect the gen- 
erally favorable trend observed in the 
past half century and more. They also 
bring to sharp focus a challenge: It is 
necessary that the trend, where favor- 
able, be continued or even accelerated, 
and that every effort be made to reverse 
the present trend in the incidence and 
outcome of diseases, such as heart dis- 
ease and cancer, which have not yet 
responded favorably. 

To accept such a challenge, it is nec- 
essary to understand the factors respon- 
sible for the improvement in health 
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Table 1. Age-adjusted death rates for the con- 
tinental United States, exclusive of Alaska, 
for heart disease and cancer. 





Deaths per 100,000 population 








it Cancer 
Year di eae and other 
sigan) malignancies* 
1900 167 80 
1950 300 126 
1959 291 127 





* This category includes leukemia. 


that has taken place. One factor is 
surely the higher economic level of our 
society: A rising per capita income has 
made possible a larger investment in 
health measures, both by the individual 
and by philanthropic agencies and the 
state. We shall not attempt to evaluate 
the magnitude of the contribution of 
this factor. It may be large, and in the 
short view it may be even larger than 
that of the other major factor, research. 
In short, most or much of the improve- 
ment could conceivably be a “catching 
up,” a putting to good use the research 
findings of the past. 

Certain it is, however, that for the 
improvement to continue, research and 
ever more research will be necessary. 
Without it the upward progress in 
health would necessarily level off to a 
plateau. 

The National Institutes of Health has 
played a significant part in the support 
of medical research for only a decade 
and a half, but its role seems destined 
to be of even greater significance in the 
decade to come. In view of the growing 
importance of NIH on the biomedical 
research scene, it seems fitting to present 
a brief account of the growth of re- 
search support provided through NIH 
in the past, of what has been achieved, 
and of what seems to lie ahead. 


Historical Background 


At the beginning of the century the 
part played by the federal government 
in the drama of medical research was 
small indeed. Philanthropic granting 
agencies and universities, with some 
participation by industry, together with 
private individuals, constituted the 
main sources of research support. The 
federal government’s participation traces 
back only to 1887, when a one-room 
laboratory, a “laboratory of hygiene” 
devoted to bacteriological studies on 
returned seamen (studies of cholera, 
tuberculosis, typhoid fever, diphtheria, 
and so on), was established in the Staten 
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Island Marine Hospital. In 1891 this 
laboratory was moved to Washington, 
and in 1905, with a greatly expanded 
research mission—that of investigating 
“infectious and contagious diseases and 
matters pertaining to the public health’ 
—it moved into its new laboratory 
building at 25th and E Streets, adjoin- 
ing the Naval Hospital. It had come to 
be known officially, in the meantime, as 
the “Hygienic Laboratory.” The re- 
search areas into which it extended its 
activities further increased in number 
thereafter; cancer was included in 1922, 
and mental hygiene in 1930. In the lat- 
ter year the laboratory, with its several 
divisions, was rechristened the National 
Institute of Health—a name which was 
changed in 1948 to the present National 
Institutes of Health. 

It was not until 1938 that the federal 
medical research effort expanded be- 
yond the confines of government-oper- 
ated laboratories. The expansion was 
through grants-in-aid to universities 
and other private research institutions 
under the newly inaugurated “research 
grants program.” In that fiscal year the 
effective appropriation was $91,000. In 
the next several years, ending with 
1945, appropriations for research grants 
remained at or below this level, but in 
1946 an “expanded research grants pro- 
gram” came into being, with $780,000 
in funds. The next year (1947) the 
program experienced an increase that 
was spectacular for the time, to $3.4 
million, and now, 14 years later (fiscal 
year 1961), it stands at $287 million. 
The “intramural” research effort, within 
the confines of the National Institutes 
of Health, grew in the same period from 
$2.3 million in fiscal year 1946 to $98.4 
million in 1961. 

The figures for the successive years 
may be seen in Table 5. 

It is important to note that, in the 
same period, nonfederal support of 
medical and related biological research 
also underwent a very substantial in- 
crease (for example, from $60,000,000 
in fiscal year 1947 to $333,000,000 in 
1960). Clearly, the great expansion of 
federal support has by no means acted 
to dry up nonfederal funds; it is reason- 
able to believe, on the contrary, that 
the increased harvest of research ac- 
complishments brought about by the 
federal outlay has actually stimulated 
support of medical research through 
voluntary channels. Certainly both fed- 
eral and nonfederal support have risen, 
each at an unprecedented rate, in the 
last 15 years, and particularly in the 
last decade. , 





Research Achievements 


What has been achieved with this 
unprecedented outlay of federal and 
private funds? In the first place, to 
name an intangible but important 
achievement, there has been a great 
expansion and intensification of public 
interest in medical and related biologi- 
cal research. New research findings, if 
they have news vaiue, are likely to be 
reported to the general public by the 
science writers for our newspapers and 
other periodicals. The average citizen 
is, accordingly, better informed on 
health matters than ever before, more 
“research-minded,” more aware of the 
hopes that research can offer, more in- 
sistent that we “get on” with the task of 
research toward beneficent ends. With 
this growth in alertness to the promise 
and importance of medical research has 
come a willingness to contribute to its 
support—a willingness to have a great- 
er share of the tax dollar invested in 


* medical research and a willingness to 


make additional contribution to this 
urgently necessary activity through non- 
federal channels. This aroused interest 
and willingness to contribute must be 
regarded as a major achievement of the 
greatly expanded research effort that 
has come about, under federal leader- 
ship, in the last decade and a half, and 
particularly in the past 10 years. 
Basic research. A second result of 
the developing research-mindedness of 
the American public is the greater pub- 
lic understanding of the essential part 
played by basic research in our effort 
to conquer disease. Basic research may 
be likened to the submerged part of an 
iceberg: It does not call attention to 
itself, but it provides indispensable sup- 
port for all applied research directed to- 
ward the control or conquest of disease. 
NIH-supported research. Although 
both federal and nonfederal funds for 
medical research are fundamentally 
from the same source, differing only in 
route, it may seem important to attempt 
to give “credit” to the National Insti- 
tutes of Health (as to other federal 
agencies) for the research accomplish- 
ments resulting from its grants to uni- 
versities and other research centers and 
from the research conducted within this 
great medical center itself. It is easy 
enough to enumerate some of the more 
important discoveries in the medical 
and related biological sciences that have 
been made in the past decade or so, 
and to list specifically some that have 
been made in the course of work sup- 
ported by research grants from the 
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Table 2. Age-adjusted death rates for the con- 
tinental United States, exclusive of Alaska, 
for three disease categories. 





Deaths per 100,000 population 








| Gastro- 
Year Tubercu- Influenza, intestinal 
losis pneumonia* inflammatory 
disease+ 
1900 199 210 113 
1950 15 24 4 
1959 6 24 4 








|* Exclusive of pneumonia in the newborn. 
[+ Exclusive of the newborn. 


NIH. This is done elsewhere in this 
article. It is important, however, first 
to understand federal support as it has 
influenced the total body of medical re- 
search, regardless of the source of 
support. 

Research expenditures by the Nation- 
al Institutes of Health in fiscal year 
1950 represented approximately 18 per- 
cent of the total national outlay for 
medical research. For fiscal year 1960, 
the percentage stands at an estimated 
40 percent, or double the earlier figure. 
An average of the two, expressed rough- 
ly as “one out of three,” may be taken 
as representing the entire 10-year pe- 
tiod. One out of every three dollars 
spent for medical research in the decade 
was spent via the NIH. Certainly during 
the latter part of the decade, it may be 
presumed, one out of every three re- 
search findings—big or little, basic or 
applied—came to light during work 
| financed through NIH support. 

But the other two out of three re- 
search findings were not isolated—quar- 
antined as it were—from scientific con- 
tact with the one. On the contrary, each 
of these, and indeed every research 
finding, owes something to other find- 
ings that have preceded it. A recent 
quick count of the number of biblio- 
graphic references appended to each of 
five papers in ten representative journals 
in the medical sciences reveals that one 
scientific paper refers, on the average, 
to between 25 and 30 previously pub- 
lished papers. These papers have con- 
tributed either to the investigator’s 
conception of the problem he has at- 
tacked, or to his method of attack, or 
to his interpretation of his findings, or 





Table 3. Age-adjusted death rates for the con- 
tinental United States, @xclusive of Alaska, 
for deaths from all causes. 








Year Deaths per 100,000 
population 

1900 1778 

1950 840 

1959 770 
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to all three. His work, like the capstone 
of a pyramid, rests upon the work of 
others. He has seen findings reported in 
recent issues of journals, heard them re- 
ported at scientific meetings, and even 
learned about new findings in private 
conversation with fellow scientists in 
the same general field of interest. 

In short, this “one recent research 
finding, out of every three,” that may 
conservatively be attributed directly to 
NIH support has itself undoubtedly 
been an essential step leading toward 
the other two, or to some other two in 
the total body of advances in medical 
research. To disentangle the research 
achievements clearly creditable to NIH 
support from the achievements to which 
NIH support has contributed indirectly 
by making them possible as “a next 
step,” is quite an artificial separation. 
To use a phrase from Scripture, “the 
little leaven leaveneth the whole lump” 
and cannot thereafter be extracted from 
it. It must be said that in recent years 
NIH-supported research has been an 
important factor, has played an inextri- 
cable part, in the general advance in 
knowledge and practice toward the con- 
trol of disease, in every area in the total 
field of medicine and related biology. 

The picture would be distorted if the 
presumably even greater influence on 
NIH-supported research arising from 
research supported by other agencies— 
60 percent of the national total, as esti- 
mated for 1960—were not also pointed 
out. 

Number of projects supported. The 
influence of NIH-supported work has 
surely permeated the whole body of 
modern research in the medical and re- 
lated biological sciences, but is it pos- 
sible to sharpen the focus a bit? Can 
one be more specific about what the 
nation has got for the tax money chan- 
neled through the NIH? How many re- 
search projects have been supported? 
How many papers have been published? 
What of importance has been dis- 
covered? 

The number of separate research 
“projects” given NIH support in each 
of the years in the past decade may be 
seen in Table 6, column 6. The average 
“dollar size” of a project (col. 2) can 
also be computed for each year, by 
dividing the total amount of funds 
granted by the number of projects. It 
is recognized, of course, that there is a 
wide spread in the annual dollar size of 
individual projects supported by the 
NIH. Some cost less than $1000 for 
1 year; others cost more than 100 
times as much. They also vary corre- 


Table 4. Average life expectancy at birth (age- 
adjusted rates for the continental United 
States, exclusive of Alaska). 





Life expectancy at birth (yr) 








Year Total Males Females 
population 

1900 47.3 46.3 48.3 

1950 68.2 65.6 71.1 

1959 69.7 


66.5 73.0 





spondingly in personnel and equipment, 
ranging from a single investigator with 
his microscope to half a dozen inter- 
disciplinary teams, each working with 
complicated and costly facilities, in half 
a dozen scattered research centers. 

The number of NIH-supported re- 
search projects can be appreciated bet- 
ter when it is viewed as a component 
of the estimated total number of medi- 
cai and related biological research proj- 
ects in the nation (Table 6, col. 3). 
These estimates have been computed by 
dividing the estimated total medical re- 
search expenditure (2) for the nation 
by the “average dollar size” of an NIH- 
supported research project—that is, 
the average dollar outlay per year per 
project (col. 2). The estimates in col- 
umns 4 to 6 have been similarly com- 
puted. Underlying these computations 
is, of course, the assumption that the 
average dollar size of a project, in NIH 
experience, can be used as an estimate 
of the average for medical research in 
general (see Table 6, footnote *). 

The NIH supported 10,700 projects 
in universities and other research in- 
stitutions in 1960, out of a national 
total estimated at 38,500 projects. 


Table 5. Funds for NIH-supported medical 
and related biological research for fiscal years 
1946 through 1961. 





NIH-supported research ($, millions) 











Fiscal Ext int 
xtra- ntra- 

3 i mural* muralt Totals 
1946 8 2.3 3.1 
1947 3.4 5.0 8.4 
1948 8.9 7.5 16.4 
1949 10.9 10.3 21.2 
1950 13.1 12.7 25.8 
1951 15.6 14.8 30.4 
1952 18.2 13.9 32.1 
1953 20.3 17.9 38.2 
1954 28.9 19.9 43.8 
1955 33.9 24.9 58.8 
1956 38.6 32.4 71.0 
1957 80.6 44.6 125.2 
1958 100.0 57.4 157.4 
1959 140.7 68.9 209.6 
1960 199.2 84.6 283.8 
1961 286.9 98.4 385.3 

Totals 1000.0 515.5 1515.5 

* Grants. t+ Includes field investigations and 


administration of research and research grants. 
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Table 6. Average size of projects (in dollars) and number of medical and related biological 
research projects for fiscal years 1950 through 1960. 








Active medical research projects (No.) 








Fiscal. Average® size Federal NIH 
year of project Throughout All (including ectvemeieel 
($) the nationt nonfederal} NIH)+ seieecelet 
1950 9,649 15,300 9,100 6,200 1,400 
1951 10,601 15,400 8,500 6,900 1,500 
1952 10,658 16,200 8,800 7,400 1,700 
1953 10,261 19,800 10,400 9,400 2,000 
1954 11,203 20,100 10,500 9,600 2,600 
1955 11,379 21,100 10,700 10,400 3,000 
1956 12,470 22,900 12,000 10,900 3,100 
1957 14,209 28,000 14,900 13,100 5,700 
1958 15,300 32,100 17,300 14,800 6,500 
1959 16,584 35,400 17,900 17,500 8,500 
1960 18,584 38,500 18,000 20,500 10,700 





* “Average” means the average for all projects supported by NIH research grants. These averages 
were used as estimates of the national average in calculating entries in columns 4 to 6. For the 
separate institutes, averages for fiscal year 1960 were as follows: Arthritis and Metabolic Diseases, 


$16,200; Neurological Di and Blind 





, $21,700; Cancer, $21,100; Dental Research, $13,500; 


Allergy and Infectious Diseases, $15,000; General Medical Sciences, $18,200; Heart, $19,300; Mental 
Health, $21,600. The NIH averages in column 2 may possibly be somewhat higher than averages for the 
nation. + Estimates, calculated by dividing the figures for total reported research outlay (not shown) by 
the amounts in column 2. Discrepancies are due to rounding of figures. }~ NIH research grants program. 


Number of papers. On publication of 
a paper from NIH-supported research, 
the author is asked to (and usually 
does) supply a reprint for the NIH 
files. These files are, unfortunately, in- 
complete prior to 1957; the count for 
1957 and later years (believed to be 
90-percent complete) is shown in 
Table 7. 

A backward extrapolation of these 
figures is quite speculative but suggests 
that the number of papers from NIH- 
supported research for the year 1950 
was in the neighborhood of 2000. The 
total for the 11 years ending with 1960 
is conservatively estimated to be 50,000 
or more. 

Each paper reports from one to 
several research findings in its field. 

There is reason to believe that the 
findings from NIH-supported research 
are of somewhat greater than average 
scientific importance, for, although the 
judgment of the mature and experi- 
enced investigator of scientific standing 
is, and should continue to be, sufficient 
certification of the importance—indeed, 
the necessity—of any research he pro- 
poses, every project supported by an 
NIH research grant has, nevertheless, 
been in a sense doubly certified as to 
its scientific importance and necessity 
(3). Each project awarded an NIH grant 
has been endorsed by a “jury” of from 
10 to 20 distinguished scientists who 
have studied the proposal, and has been 
given further consideration by an advi- 
sory council of equally distinguished 
members and recommended by them to 
the surgeon general of the Public 
Health Service for grant-in-aid support. 

It is reasonable to believe that re- 
search undertakings that have been so 
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competently scrutinized and screened 
constitute, as a body, an aggregate re- 
search effort of superior worth and 
promise. Even if the results from NIH- 
supported research were not identifiable 
as such in the vast output of the nation’s 
research laboratories and only the total 
forward march of research achievement 
could be perceived, it could still be said 
with assurance that most of the work 
coming out of the laboratories receiv- 
ing NIH support (together with re- 
search supported by other agencies 
using similarly effective screening mech- 
anisms) must be in or near the fore- 
front of the procession. 

Listed below are a few research find- 
ings from the thousands of significant 
advances in medicine and related biol- 
ogy that have been made in the past 
decade in the course of research sup- 
ported by the NIH (4). It should be 
pointed out again that such findings 
are but capstones of “pyramids” of 
findings by many workers, supported by 
many agencies. These peak findings will, 
of course, be built in turn into the low- 
er levels of other such pyramids, to be 
capped by further achievements. 


Some Research Findings 


Prednisone, a synthetic relative of 
the steroid cortisone, was found to be 
as effective as cortisone or hydrocorti- 
sone, or more so, for treating rheuma- 
toid arthritis, and to cause less edema 
or none at all. 

The folic acid antagonist methotrex- 
ate has been found to have pronounced 
beneficial effects in cases of choriocar- 
cinoma, a variety of cancer. 





With the albino hamster as the ex- 
perimental animal, it has been shown 
that dental caries can be both infectious 
and transmissible. The organism is a 
streptococcus. A different study has 
shown that fluoride (1 part per million) 
in drinking. water has a dramatic pre- 
ventive action in children. 

The hemadsorption viruses, members 
of the parainfluenza group, were isolat- 
ed and shown to cause many of the 
acute respiratory infections in children, 
from afebrile infections to such condi- 
tions as croup and pneumonia. 

It has been shown that giving cod- 
liver oil to pregnant rats reduces the 
incidence and severity of congenital 
anomalies caused by deficiency of vita- 
min E in their diet. A change in the 
balance of the remaining vitamins in 
the diet apparently compensates to 
some extent for deficiency of the single 
vitamin. 

The adrenocorticotrophic hormone 
(ACTH), a protein hormone contain- 
ing 23 amino acids, was synthesized 
from the natural amino acids. This is 
the largest protein molecule yet syn- 
thesized. 

Convincing evidence that the onset 
of acute multiple sclerosis, in a case of 
the disease in man, resulted from injec- 
tion of rabies vaccine (containing ele- 
ments of nervous tissue) has strength- 
ened the view that multiple sclerosis, 
as it ordinarily occurs, is an autoaller- 
gic disease representing an immunologic 
response to some unknown chemical 
constituent of the patient’s own nervous 
tissue. 

Raising the brain’s concentration of 
gamma-aminobutyric acid (GABA), a 
normal constituent of the brain, has 
been found to give protection against 
convulsive seizures. 

Scientists studying epilepsy were 
handicapped by their inability to re- 
produce it in any laboratory animal 
until it was found that, after a simple 
surgical operation in which alumina 
cream is applied to a very small area 
of the brain surface, the experimental 
animal for some months becomes an 
“epileptic,” having typical epileptic 
attacks. 

A viral agent associated with mouse 
leukemia has been found to acquire 
such potency in serial passage in tissue 
culture that it can produce multiple 
primary tumors in mice and sarcomas 
in hamsters and rats. This discovery 
strengthens the view that viruses may 
be at least one of the causes of cancer 
in man. 

Chloroquine and pyrimethamine were 
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| shown to be suppressive, and prima- 
| quine was shown to be curative, of 


malaria. These drugs have now been 
adopted for use in the U.S. military 
forces. 

It has been shown that the placenta 
will, if necessary, deplete levels of vita- 
mins Bw, Be, C, and iron in the mother’s 
blood in maintaining these nutrients at 
more nearly normal levels in the fetal 
blood stream. 

It has been shown that forced oral 
(or intravenous) administration of large 
quantities of a solution of one teaspoon 
of table salt and one-half teaspoon of 
baking soda in a quart of water can 
serve in cases of burn shock as an emer- 
gency substitute for plasma. In another 
study it has been shown that, of in- 
dividuals treated with balanced salt 
solution and individuals treated with 
whole blood, more of the former 
survive. 

A living virus, the “tobacco mosaic 
virus,” has been taken apart, into its 
skeleton of ribonucleic acid and the 
latter’s protein envelope, and recon- 
stituted. The ribonucleic acid is the 
primary source of the infectious activity 
of the virus. These findings will lead to 
a better understanding of the pathoge- 
nicity of viruses. 

Two specific tests, each based on the 
bentonite flocculation procedure, now 
permit diagnosis, in a few minutes, of 
rheumatoid arthritis and lupus erythe- 
matosus. 

Mapping of the gene locations in the 
chromosomes of the red bread mold 
Neurospora is continuing and will con- 
tribute information that will ultimately 
be. useful in the effort to unravel the 
mystery of the action of deoxyribonu- 
cleic acid and ribonucleic acid as code- 
determinants of the hereditary structure 
and function of all organisms. 

It has been found that galactosemia 
is due to the absence of the enzyme 
P-Gal transferase—a genetic defect. A 
quick test on the blood permits diag- 
nosis and prompt institution of a galac- 
tose-free diet. 

A culture medium of chemically de- 
fined composition has been developed 
that has made it possible to maintain 
cultures of cells from a variety of tis- 
sues (such as normal skin, bone, kid- 
ney, connective tissue, and cancers) 
indefinitely. 

It has been shown that production of 
the fetal type of hemoglobin is favored 
by oxygen and glucose deficiencies. 

A new drug, phenazocine, first con- 
ceived on the “drawing board” and then 
synthesized, has been found to be many 
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Table 7. Number of reprints of papers on 
NIH-supported research (extra- and _ intra- 
mural) in the files of the National Institutes 
of Health. 








Year Number of papers 
1957 6 
1958 5,895 
1959 8,364 
1960 11,000 





times more potent than morphine in 
relieving pain. 

An erythropoietic factor is formed by 
goats exposed to a simulated altitude of 
22,000 feet and is secreted in the milk. 
Injected into rats, it raises the blood 
hemoglobin and the reticulocyte count. 

A new pathway for sugar metabo- 
lism, the “hexosemonophosphate 
shunt,” has been discovered. It by- 
passes the citric acid cycle and contains 
several previously unknown sugars. 

Evidence has been obtained that liver 
changes similar to those in carbon tet- 
rachloride poisoning can be brought 
about by central stimulation of the sym- 
pathetic nervous system. 

Two independent investigators have 
won Nobel prizes for nucleic acid syn- 
thesis—the one for discovering an en- 
zyme that synthesizes deoxyribonucleic 
acid, the other for discovering an en- 
zyme that synthesizes ribonucleic acid. 
These two nucleic acids code-control 
bodily structure and function, appar- 
ently throughout all animal and plant 
life. 

A molded plastic replica of a normal 
mitral valve of the heart has been con- 
structed and used successfully to replace 
a diseased valve in man. 

This list could be greatly extended. 

Research achievements summarized. 
We might summarize research achieve- 
ments through NIH support as follows. 

i) In 1950 the number of published 
papers from NIH-supported research 
projects appears to have been in the 
neighborhood of 2000 or 2500 (reliable 
figures are not available); in 1960 the 
number is reliably estimated at 11,000. 
The total number of such papers from 
(and including) 1950 through 1960 is 
conservatively estimated at 50,000. 

2) In 1950 the number of active re- 
search projects receiving NIH support 
through its program of research grants 
to medical schools and other institutions 
conducting medical research amounted 
to 1400, out of a national total of 
medical research projects estimated at 
15,000; in 1960 the number had grown 
to 10,700, out of a national total esti- 
mated at over 38,000. 

There is every reason to believe that 


this NIH-supported research (and re- 
search supported by other granting 
agencies with similarly effective screen- 
ing mechanisms) has, on the average, 
been of superior scientific merit and 
importance. 

3) The number of research findings 
reported in papers published in the pe- 
riod 1950-60 that give credit to NIH 
for support cannot be estimated. At a 
minimum it would be expected to equal 
the number of research papers pub- 
lished in the period (estimated at 50,- 
000) and might well be two or three 
times that number. 

4) NIH-supported research has made 
an inextricable contribution to the total 
progress of medical science and its 
achievements in the last 10 or 15 years. 
The past 10 years’ research supported 
by this and other granting agencies ac- 
tive in the medical and health research 
field has, without much doubt, played 
a part in the fall in death rate and the 
rise in life expectancy that have oc- 
curred even in the same decade. It is 
reasonable to expect that continued 
or expanded biomedical research in the 
next decade will have an increasingly 
important impact on the health of the 
nation. 


Future Research Opportunities 


Let us now look beyond the periphery 
of present biomedical knowledge and 
mention a few of the areas where it 
appears that intensive exploration would 
be rewarding. 

It should be understood that no at- 
tempt at complete coverage of research 
opportunities will be made here, and 
no attempt to shape the pattern of the 
discussion into conformity with any pre- 
existing formulation, such as the bal- 
anced pattern of program interests of 
the several institutes of the NIH. An 
attempt will be made, however, to con- 
vey the restrained enthusiasm of many 
of the group of competent scientists 
who have left their laboratories in order 
to render a broader service to medical 
science through their office in the Divi- 
sion of Research Grants of NIH (5). 

Instrumentation. The objectives of 
instrumentation and automation re- 
search have been succinctly stated as 
follows: “to measure (and record) 
more things, more accurately, and auto- 
matically.” 

It has long been said in science that 
the ability to measure some important 
quantity with greater precision by one 


_more decimal place opens up a new era 
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of advance in the scientific field. To be 
conservative, one might amend the say- 
ing to read “two more decimal places” 
—measurements 100 times more: pre- 
cise. The core of truth in the saying 
is that the progress of biological science 
is ultimately dependent upon develop- 
ment of ever more sensitive instruments 
and methods for making ever more 
precise measurement of an ever wider 
variety of things, and that an explosion 
of new research follows a new and im- 
portant development in instrumentation. 
A modern example is the burst of re- 
search progress in cell biology that has 
resulted from invention of the electron 
microscope and development of the 
techniques of immuno- and microchem- 
istry, the electron microscope making 
visible cell structures a thousand times 
more minute than those visible without 
it, and microchemical methods making 
possible more and more progress in the 
chemical analysis of these minute struc- 
tures. 

Instrumentation (including science 
technology in general) has been given 
first place in this survey of important 
and promising avenues of research ef- 
fort because it stands at the doorway 
to progress in science. 

Further advances in the sensitivity 
of instrument types now in use, devel- 
opment of new types of instruments, 
and further adaptation for biological 
use of instruments used in other areas 
may be expected in the next decade, 
and, with each development, an explo- 
sion of new research in the correspond- 
ing scientific area. Great advances are 
to be expected in the coming decade in 
the adaptation of computers to medical 
and related biological research. The use 
of electronic computers for analyzing 
the complexities of interrelated biologi- 
cal data is in its infancy. Efforts will 
surely be intensified to develop im- 
proved methods for storing and retriev- 
ing scientific data, and for analyzing 
and interpreting them. The further use 
of. computers in the analysis of data 
from x-ray crystallography of proteins 
and nucleic acids may be cited as an 
example. 

Quantification and evaluation of the 
information-input capacity of the var- 
jous senses may be achieved. Progress 
may be expected in the development of 
computer analogs or models for the 
simpler brain functions. More instru- 
mentation will undoubtedly be devel- 
oped for continuous measurement and 
recording of some of the many variables 
undergoing simultaneous change in the 
body in response to stress or other 
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change in conditions, or to disease or 
therapeutic measures, both for purposes 
of research and for diagnosis and ob- 
servation in medical practice. The use 
of computers in the further develop- 
ment of mathematical biology and for 
further progress toward ultimate auto- 
matic translation of foreign scientific 
literature may be expected. 

Prosthesis. Related to instrumenta- 
tion and associated techniques is the 
area of prosthesis—a term referring 
here, in the broadest sense, to artificial 
substitutes for, or aids to, body parts 
and functions. Further investigation di- 
rected toward the following objectives 
may be expected: developing artificial 
heart valves; improving extracorporeal 
blood oxygenating and circulating units; 
perfecting techniques for maintaining 
some part of the body (for example, a 
cancerous extremity) under a separate 
circulation with a high concentration of 
some remedial agent; devising a means 
of aiding or replacing failing kidney 
function; improving dental filling and 
bonding materials; devising a substitute 
(possibly tactile) for lost vision or for 
a lost sense of equilibrium. 

Tissue and organ transplants. Re- 
search may be expected to continue on 
the problem of the rejection of skin 
grafts and organ transplants (for ex- 
ample, kidney), which now occurs ex- 
cept in cases where the recipient and 
the donor of the transplant have near- 
to-identical genetic backgrounds. Blood 
and bone-marrow transfusions regard- 
less of serological type may be an asso- 
ciated development, if and when the 
general problem of immunological rejec- 
tion of foreign tissue is ever solved. The 
same process of rejection is, of course, 
altogether beneficent when the body 
combats the “foreign tissue” of an in- 
vading pathogenic organism. 

Tissue culture of bone marrow for 
purposes of transfusion may be brought 
nearer in the next decade. “Tooth 
banks” and tooth transplants are a 
hoped-for possibility. 


Associated with the objective of suc- 


cessfully making tissue and organ trans- 
plants is that of regenerating lost tissues. 
A breakthrough toward controlled and 
useful regeneration of lost tissues in 
mammalian forms is hardly to be ex- 
pected in the next decade, but as a 
long-term goal it will surely be kept in 
view, as research is continued on suit- 
able lower species. 

Human ecology and environmental 
health. A vast terrain remains to be ex- 
plored in the general research area of 
man and his environment, both animate 





and inanimate—the mutual balance of 
environmental factors, beneficent and 
harmful, as they affect health and dis- 
ease, longevity, performance levels, 
and even evolution. Important in this 
field are also the health interactions be- 
tween human populations and interac- 
tions of these with other populations 
of animal and plant life. 

One of the most important problems 
in environmental health is protection 
against unwanted radiation effects. Re- 
search has been pressed in the past 
several years and will surely be intensi- 
fied in the coming decade. 

The problem of making desired food 
additives safe and of determining a safe 
tolerance level for adventitious additives 
(chiefly residues left in food from in- 
secticidal crop sprays) has become in- 
creasingly more acute in recent years, 
as agricultural chemicals and various 
substances required in food processing 
and packaging have multiplied. A vast 
amount of research will be needed to 
make sure the public is protected. The 
continued search for better biological 
tests that are equivalent to lifetime ex- 
posure for man is a prime necessity in 
such efforts. 

Closely related to the foregoing prob- 
lems are the problems of pollution of 
air and water by substances harmful to 
health. “Smog” is only one among many 
such harmful agents. Of prime interest 
is the pollution of urban air from prod- 
ucts of the motor age. Identification of 
such products and knowledge of their 
long-term biological effects, with devel- 
opment of suitable control measures, 
are objectives of pressing importance. 
The possibility that some of these prod- 
ucts of incomplete combustion may be 
implicated in the steadily growing in- 
cidence of malignancy of the lower 
respiratory tract gives such research 
added importance. Progress can be has- 
tened through accelerated research in 
instrumentation; the need for such ac- 
celeration indeed pervades all research 
areas. 

The atom bomb is a potential envi- 
ronmental hazard that warrants more 
health-related research than appears to 
be in prospect. 

Cancer. The search for the cause or 
causes of human cancer and for means 
of prevention and better means of ther- 
apy has been pressed in recent years to 
an extent that almost entitles this to be 
called a crash program. Crucial knowl- 
edge is slowly but surely being accumu- 
lated. Demonstration of the virus etiol- 
ogy of a variety of cancers (including 
leukemia) in certain laboratory animals 
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has renewed our hope for an early 
breakthrough toward control of this 
dread disease aid has already led to 
more intensified research in this direc- 
tion. There is also growing, if not in- 
deed conclusive, evidence that carcino- 
genic substances can reach the body 
through the inspired air—evidence that 
relates the cancer problem to the gen- 
eral problem of environmental health. 
Research in this direction is being 
pushed and will surely be increased in 
the coming decade. 

Host-parasite relatiors. The area of 
research on host-parasite relations en- 
compasses all the relationships between 
man (and other animal and plant hosts) 
and the beneficent, neutral, and harm- 
ful plant and animal parasites that in- 
fest and infect, including viruses, bac- 
teria, protozoa, and other parasitic 
organisms. An extension of the parasite 
concept can, of course, bring the inva- 
sive cells of cancer into the same cate- 
gory. Research will continue on a broad 
front on the pathogenic parasitic or- 
ganisms, on their nutritional require- 
ments and metabolic processes, and on 
the evolution of pathogenic forms and 
the development of pathogenicity in 
forms that were previously inactive (in 
the carrier state) or harmless or even 
beneficent (for example, the colon bac- 
cillus). The interaction between host 
and parasite, in particular the effects 
of the parasite upon the host and the 
mechanism of these effects, will con- 
tinue to engage the attention and effort 
of research workers, as will the con- 
tinued development of control meas- 
ures, including antibiotics and other 
chemotherapy. The development of 

arasite resistance to such therapy in 
the course of an infection—a_heart- 
breaking event—and the perpetuation 
of such resistant strains thereafter to 
endanger the lives of others are twin 
problems that will call for intensified 
further research. The restraint upon 
one parasitic population that results 
from the presence of another also de- 
serves more study. 

This research area is obviously one 
of extraordinarily broad scope, includ- 
ing as it does all the infectious diseases. 
A vast amount of work has already 
been done, during nearly a century of 
research, but the area remains at or 
near the top of any list where priority 
is determined by pressing need or prom- 
ising opportunity. 

Tissue immune reactions. Closely 
related to the great research area just 
discussed is that of the reaction of the 
body to substances foreign to it—a re- 
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action of either defense or neutraliza- 
tion or acceptance. The preponderance 
of research in the past has properly 
been directed toward strengthening the 
mechanisms for defense, for here lies 
the greatest need; but when the defense 
is against a skin graft or a transplanted 
kidney donated to an individual in dire 
need, the same beneficent mechanism 
can act blindly as a liability. The next 
decade should see an intensification of 
work in both  directions—toward 
strengthening the body’s defense mech- 
anisms on the one hand and toward 
holding them in check on the other. 

Inseparable from the objective of 
strengthening the body’s natural de- 
fenses is that of adding new defense 
factors, chemically tailored to general 
or specific needs. Research toward this 
end holds continued promise of future 
rewards. 

Antimetabolites, antibiotics, other 
chemotherapeutic agents. Although they 
have been referred to incidentally in the 
previous discussion, antimetabolites, an- 
tibiotics, and other chemotherapeutic 
agents deserve special mention. Anti- 
metabolites are among the most prom- 
ising of the agents being tested for 
anticancer action, and they also offer 
continued promise in the attack on in- 
vading disease organisms. The last sev- 
eral years have seen the testing of all 
manner of chemical compounds, many 
thousands of them, for possible anti- 
cancer activity. The next decade will 
see a continuation of such testing and 
of research toward the development of 
new antimetabolites and antibiotics and 
of other compounds for effective chem- 
otherapy. 

Heart, circulation, and blood. We 
may expect further advances yearly in 
heart surgery and prosthesis, in tech- 
niques of localized perfusion, in diag- 
nosis and relief of vascular insuffi- 
ciencies of various body areas, in the 
control of clotting, in understanding 
and controlling the processes in hem- 
atopoiesis, and in our knowledge and 
control of the basic causes of athero- 
sclerosis. 

Reproduction, The well-being of the 
new individual will continue to be the 
dominant practical objective in research 
on reproduction, where progress - will 
be dependent upon a clearer under- 
standing of the processes involved and 
the factors that influence them. Reduc- 
tion in fetal wastage and deformity 
(biochemical as well as anatomical) 
will remain an important immediate 
objective. Overpopulation and associ- 
ated hunger in some world areas will 


continue to stimulate interest in devel- 
oping more effective measures of birth 
and population control. 

The brain. The outlook for brain re- 
search in the next decade is one of 
continuing investigation with the oscil- 
lograph, the electroencephalograph, and 
other instruments; of localized short- 
term and long-term brain stimulation 
and the placing of minute brain lesions, 
precisely localized; of continued explo- 
ration of the biochemistry and the phar- 
macology of limited areas and of brain 
secretion of hormones; of deeper delv- 
ing into the biophysics and biochemistry 
of excitation in studies on single neu- 
rons (and other types of cells); and of 
continued efforts to extend the limited 
analogies between brain activity and 
the function of computers (as a class) 
in information storage, organization, 
and retrieval. Both in the field of neu- 
rology and in that of mental health, 
advancement toward the control of dis- 
ease will be promoted by such research. 

Behavioral science, mental health. 
During the next 10 years we may ex- 
pect to see more research in which at- 
tempts are made to relate mental phe- 
nomena to the underlying biochemistry, 
biophysics, and endocrinology of the 
brain; more study of the behavioral 
patterns in the lower animals; and 
further study of the factors affecting 
and determining the course of develop- 
ment of the child, enabling him to as- 
sume the responsibilities of the adult 
as a member of society. 

Cross-cultural and other studies are 
needed to determine the influence on 
mental health of such factors as pat- 
terns of thought and behavior, systems 
of personal and social values, the struc- 
ture of the family and other social 
groups, patterns of interaction in the 
family and community, levels of aspira- 
tion in relation to the attendant en- 
vironmental and economic potentials, 
and hygienic practices of populations. 
Such research will promote control of 
mental disease and control of the de- 
velopment of such patterns of deviance 
from social norms as alcoholism, ac- 
cident-proneness, and juvenile delir- 
quency. Research in some of these 
areas is practically in its infancy. 

Aging. Research directed toward dis- 
covery of the fundamental processes in 
aging will be pursued further by in- 
vestigators experienced in the field of 
cell biology. It may be hoped that the 
biochemical, biophysical, and structural 
differences between the aged and the 
youthful cell, and the effects of these 
differences, will begin to be understood. 
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As for the diseases so prevalent among 
the aged—heart and vascular and 
collagen disease (including excessive 
fibrosis) —and the “natural process” of 
progressive shrinkage of the various 
functional cell populations of the body 
with advancing age, no dramatic “break- 
through” is in sight; but as the coming 
decade advances, the slow accurnula- 
tion and piecing together of bits of 
knowledge gained through basic re- 
search will surely bring us nearer to an 
answer to the problems of aging. 

Cell and molecular biology. Refer- 
ence has been made to improvements 
in instrumentation that~have permitted 
examination of finer structural detail 
and chemical analysis of more minute 
portions of material than was previous- 
ly possible. The electron microscope 
and the developments in microchemistry 
and in x-ray crystallography, together 
with technical developments in other 
areas (for example, immunochemistry), 
have opened up for study the single cell 
and its constituent structures. Re- 
searches on cell morphology, physiol- 
ogy, biochemistry, biophysics, pharma- 
cology, pathology, radiobiology, and 
genetics are in progress and will un- 
doubtedly be greatly extended in the 
coming years. 

More detailed study of disease proc- 
esses may be expected, with further 
exploration of the precise architectural 
structure of molecules in disease states 
as contrasted with their structure in the 
state of health. Although the impor- 
tance of the precise architecture of 
molecules in biological processes has 
long been appreciated, particularly in 
the fields of enzymology and immunol- 
ogy, molecular biology as a research 
field is still in its infancy. It will un- 
doubtedly grow in stature in the next 
decade, as its newly conceived sibling, 
submolecular biology, just begins to stir. 

Nucleic acids. If the research areas 
in the whole of medicine and related 
biology were represented as mountain 
peaks in a vast terrain yet to be fully 
explored, the Mount Everest in that 
little-explored country would surely be 
“Mount DNA.” Deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) 
are the two nucleic acids that are fourd, 
singly or together, in the cellular units 
of all living organisms so far examined, 
from viruses, bacteria, and other plant 
forms through all animals forms up to 
and including man. The most challeng- 
ing research in the future will be that 
directed toward the biosynthesis and 
function of these nucleic acids; for out 
of such studies will come the revolu- 
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tionary answers to long-standing ques- 
tions regarding the phenomena of ge- 
netic reproduction (replication) of cell 
structure and function and the biosyn- 
thesis of the proteins, the most impor- 
tant structural components of living 
systems. Possibly, too, from such studies 
will come the answers to questions re- 
garding the fundamental nature of cell 
differentiation, the development in each 
individual of such different cell popu- 
lations as those of nerve and liver from 
an original single cell—the fertilized 
ovum. New techniques in the study of 
the nucleic acids have been delevoped 
in the past 10 years, and it is certain 
that research on these compounds will 
be vigorously carried on for many years 
to come. This research is so basic that 
dividends can flow from. it in almost 
any direction. One could well be in the 
direction of cancer control. 

Genetics. Closely related to, even in- 
separable from, research on DNA and 
RNA is research on the gene population 
(the “genotype”) in the original single 
cell from which a cell progeny is de- 
rived, whether this be a clone com- 
munity of bacteria in a flask or a cell 
aggregate making up one human being. 
What genes are present in the parent 
cell, what factors determined their 
presence together, and what bodily at- 
tributes (including hereditary disease or 
susceptibility to disease) each gene or 
gene group controls—these are some 
of the challenging questions in genetics. 
New techniques for visualizing the en- 
tire complement of chromosomes in a 
single cell and identifying each by its 
peculiar characteristics now make pos- 
sible a surge of new work on hereditary 
disease and susceptibility to disease. 
Control of the complement of genes 
with which each individual starts his 
existence is a visionary objective, even 
though probably unattainable as a goal. 

The genetics of new pathogenic strains 
of organisms; of the first malignant cell 
to appear in an individual who develops 
cancer; of the development of resistance 


to chemotherapy in a viral, bacterial, © 


or cancer cell population—these fields, 
too, present challenging problems on 
which more research is urgently needed. 

Much of the promise of achievement 
yet to come from medical and related 
biological research rests upon the fur- 
ther development of interdisciplinary 
team work, now well under way. A 
more extensive development of great 
research centers for categorial and gen- 
eral research in the coming decade is a 
strong possibility. 

Basic and applied research. The 





amount of applied research carried on 
from year to year in the coming decade 
should be in homeostatic equilibrium 
with the amount of (pre-existing) basic 
research, for each is dependent upon 
the other. 

Applied research has as its objective 
some achievement that can be put to 
“practical” use in some way other than 
as a step toward further research. Basic 
research contributes new variables to 
science, quantitates them, identifies (and 
quantitates) new causal relationships 
between variables, and points out new 
spatial and temporal groupings of 
variables and new sequences in their 
changes in value. 

The motivation and justification and 
the basis of evaluation are the same for 
applied research in general and for any 
one project in applied research: They 
are, respectively, the practical objective 
and the extent to which it is attained. 
For basic research, the motivation is 
scientific curiosity—an almost monastic 
dedication to the pursuit of learning. 
The justification (in the eyes of the 
onlooker, including the one who sup- 
plies the funds) is that the stream of 
applied research dries up unless it is 
fed by basic research. The merit of any 
one achievement in basic research is 
measured by the extent to which it 
clarifies pre-existing knowledge, con- 
tributes toward establishing a new gen- 
eralization, or simply leads to new re- 
search. 

The interdependence of applied and 
basic research has been pointed out. No 
matter what the practical objective of 
any applied research is, “spade work” 
(equated here with basic research), un- 
less it has already been done, is found 
to be necessary. An enormous amount 
of basic research may yet have to be 
carried out before death rates from 
heart disease and cancer can be sub- 
stantially improved. Thus, the need for 
applied research stimulates support of 
basic research, and the findings of basic 
research ultimately open the doors to 
more applied research. There is no rea- 
son to believe that this symbiosis will 
be in any way disturbed in the coming 
decade. 


Notes 


1. The data are being collected by the U.S. Na- 
tional Health Survey, which was begun in 1957. 

2. This figure is not shown in Table 6 but can 
be obtained by multiplying entries in column 
2 by those in column 3. 

3. This can also be said, of course, of work sup- 
ported by other agencies that have a similarly 
effective review mechanism. 

. “Research supported by the NIH” includes 
both grant-supported and intramural research. 

. Grateful acknowledgment is made here for the 
contribution of these scientists. 
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Science and the News 


Right Wingers Seem To Be Almost 
Everywhere: Notes on a Report 
to the Fund for the Republic 


The wire services carried fairly 
lengthy accounts last week of a pamph- 
let claiming that the moderate conserva- 
tives of both major parties hold “the 
same beliefs” on basic issues as do those 
of the extreme right. The extremists, 
said the pamphlet, “differ only in their 
concern with fringe issues, in their 
manner of speaking, and in their sense 
of fair play. . . . The significance of 
recent developments is simply that in a 
time of deep crisis, the moderates are 
more willing to go along with, and be 
carried by, the extremists. The ques- 
tion raised by these trends is whether 
or not they will lead to a pattern set by 
Italy or Germany. . . . It would be a 
rash man indeed who could predict the 
outcome. .. .” 

The view seemed a little unrealistic, 
coming in a week when the Democratic 
national chairman, presumably after 
taking some note of which way the po- 
litical wind was blowing, kindly gave 
the Republican party all the credit for 
the right-wing phenomenon, and when 
Theodore McKeldin, of Maryland, 
found it prudent to make a public an- 
nouncement of what a fine job he 
thought the President is doing. McKel- 
din is seeking the Republican nomina- 
tion for governor. 

The pamphlet, nevertheless, has at- 
tracted a good deal of attention, in 
part because of the current interest in 
reports on the right wing, but in part, 
also, because it carried the subtitle, 
“A Report,.to the Fund for the Repub- 
lic.” The Fund is a division of the Ford 
Foundation set up during McCarthy’s 
heyday to finance “activities directed 
toward the elimination of restrictions 
on freedom of thought, inquiry, and 
expression in the United States, and 
the development of policies and proce- 
dures best adapted to protect these 
rights in the face of persistent inter- 
national tensions.” 
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The pamphlet is 46 pages long, with 
17 additional pages of notes, and is 
called “The American Right Wing.” It 
is actually a slight revision of a docu- 
ment sent to the Fund for the Republic 
in 1958 and published in 1960 as one 
of the University of Illinois Library 
School’s Occasional Papers. One of the 
authors, Sarah M. Harris, a librarian at 
State University of Iowa, died in 1958. 
Its surviving author is Ralph E. Ells- 
worth, who was with Miss Harris at 
Iowa, but who is now director of li- 
braries at the University of Colorado. 
Ellsworth is the author of several books 
on library administration. 

“We have not been for or against 
this [right-wing] body of opinion,” Ells- 
worth noted in his introduction to the 
pamphlet. Since the pamphlet ends with 
a suggestion that this body of opinion 
would lead to fascism if the trend the 
authors see were to continue, then the 
claim of impartiality would seem to 
mearr that the authors are “neither for 
nor against” America going fascist. But 
the Fund is not really allowing its name 
to be used by people who are neutral 
on fascism. 

In a recent conversation with a rep- 
resentative of Science, Ellsworth let it 
be known that he is actually against 
fascism, but just put the disclaimer in 
his introduction in order to help give 
the pamphlet a properly objective tone. 


Samples 


The body of the pamphlet, in large 
part, is simply a long series of samples 
and summaries of the writings of the 
fruitiest of the writers on the | far 
fringes of the right, nearly all of it 
stuff that even Senator Goldwater would 
promptly denounce as _ preposterous: 
“Foreign Aid Is Not Christian”; “The 
key to survival is a thorough under- 
standing of the Communist-Jewish con- 
spiracy”; “Liberalism is treason”; and 
so on. The authors also find right wing- 
ers where they had not generally been 
suspected. The Council for Basic Edu- 
cation, according to the authors, “has 


been cordially welcomed into the right- 
wing movement. . . . Both [groups] 

. . distrust educational psycholo- 
gists, and indeed the whole hierarchy 
of educationists, and believe that addi- 
tional financing, federal, state, or other, 
would do nothing for the schools but 
perpetuate a bad situation.” 

No documentation is offered for the 
claim that the Council believes that 
“additional financing, federal, state, or 
other, would do nothing for the schools 
but perpetuate a bad situation.” 

The authors also assert (their italics) 
that “rightists . . . feel that any asso- 
ciation with the Soviet government is 
appeasement. . . . They feel it is our 
bounden duty to withdraw recognition 
from this kangaroo government. . . . 
Up to the present time this has been 
the official position of both Dean 
Acheson and John Foster Dulles. . . .” 


Identical Views 


The authors report that “it may be 
(and has been) argued by many. . . 
that to find common objectives in the 
publications of the American Bar As- 
sociation and of Gerald L. K. Smith’s 
Christian Nationalist Crusade shows a 
singular lack of discrimination. Many 
right-wingers, in fact, have taken oc- 
casion to state their contempt for 
Smith’s political opinions, though this 
has not caused them to reconsider any 
of their own identical views.” No 
documentation is offered to explain 
what the authors consider to be “iden- 
tical views” or “common objectives” 
in the publications of the Bar Associa- 
tion and the Christian Nationalist 
Crusade. 

The prose of the pamphlet is ex- 
tremely opaque, making it easy for a 
casual reader to slide over some of 
the most outrageous things the authors 
are saying. At one point there is a 
paragraph beginning “Add the edito- 
rials in the Saturday Evening Post 

.” and continuing with a long list 
of authors whose writings are to be 
added, including, for example, Richard 
Nixon. What are we adding all these 
people to? If we go back several para- 
graphs we find we are adding them 
to the “great many conservative writers 
[who] believe absolutely that this coun- 
try is in the grip of a savage, ruthless 
conspiracy . . . [which] controls every 
single key point in American life... . 
Nor is this belief limited to irrespon- 
sible and unofficial spokesmen for the 
Right.” Following this are three exam- 
ples intended to document this claim, 
which in fact do nothing of the kind. 
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So not too surprisingly, by the time the 
reader is told to “add” the Post edito- 
rials, Nixon, and the rest, he has for- 
gotten what the authors were talking 
about in the first place. 


Added Up 


“In summary,” the authors say, “the 
American right wing may be said to 
include all those who share the convic- 
tion that the relation of government to 
the individual should be severely lim- 
ited.” The authors go on to specify the 
views of right wing, a term they use as 
synonymous with “conservative.” There 
is room here for only a sample of the 
more peculiar views that the authors 
attribute to the right. Right wingers, 
say the authors, would demand “com- 
plete withdrawal of government from 
the regulation of industry,” “outlaw full 
employment and collective bargaining,” 
“ask complete withdrawal of the gov- 
ernment from the supervision of health, 
education, and welfare and the imme- 
diate voiding of all programs dealing 
with social security,” and “call for the 
persecution of ministers who preach the 
social gospel, and of teachers who rec- 
ommend social planning, as commu- 
nists and traitors.” 

“In the international field,” the au- 
thors continue, right wingers would 
“put an immediate end to foreign aid 
and to participation of the United 
States in the United Nations.” Ditto 
participation in NATO. “Break diplo- 
matic relations with Israel.” “Ask the 
UN to meet elsewhere and immediately 
raze the building.” And “establish a kind 
of provisional citizenship for Negroes, 
Zionists, liberals, and all those whose 
families were naturalized less than two 
generations ago.” Except for breaking 
relations with Israel and razing the 
United Nations building, none of these 
things seem to be fringe issues, so pre- 
sumably the authors believe that mod- 
erate conservatives share these views. 
It is not clear in the text just who the 
authors regard as the moderate con- 
servatives except that there are a 
great many of them. They do re- 
gard Barry Goldwater as an _ out- 
and-out conservative, which of course 
is just what he says he is. The 
only difficulty is that he advocates none 
of the things in the foregoing list, and 
the authors offer no evidence that he 
ever has advocated them. As for the 
moderate conservatives who the 4au- 
thors say “differ only in their concern 
with fringe issues, their manner of 

speaking, and their sense of fair play,” 
they remain to be identified. The au- 
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thors, in their first footnote, explain 
that “the term right is used very simply 
as opposed to /eft, and the entire politi- 
cal spectrum is considered as divided 
between the two.” In the same note 
they say “many gradations are distin- 
guished within each division,” but in 
the text the only gradation which is 
mentioned is that between the rightists, 
or conservatives proper, to whom are 
ascribed the whole catalog of views 
sampled above, and the moderate. con- 
servatives, who differ only in “their 
manner of speaking,” and so forth. Pre- 
sumably this moderate gradation would 
include people somewhere to the left of 
Goldwater but to the right of Kennedy, 
such as Eisenhower and Nixon. 

In a telephone interview last week, 
Ellsworth readily confirmed that his use 
of “moderate conservative” did indeed 
refer to the people that it apparently re- 
ferred to, that is, to people like Eisen- 
hower and Nixon. He said he thought 
Kennedy shared some of these views as 
well, although not all of them. He and 
Miss Harris wrote the report, he says, 
because they felt the real meaning of the 
right-wing phenomenon, and the -ex- 
tent that it represented the views of 
moderates as well as extreme right 
wingers, was widely misunderstood and 
that the significance. of the phenome- 
non was widely underestimated. He 
seemed a quiet-spoken, perfectly can- 
did man who feels he has performed a 
useful public service. What is interesting 
in all this is not the demonstration that 
a liberal librarian is not necessarily im- 
mune to the kind of thinking that might 
lead a conservative businessman to be- 
lieve that “except for fringe issues, 
etc.” moderate liberals believe in the 
same things as communists. What is in- 
teresting is how the Fund for the Re- 
public, a nonpartisan, tax-exempt, edu- 
cational foundation, and a division of 
the Ford Foundation, came to appear 
to be its sponsor. 


Background 


Apparently the way it happened is 
this: When Ellsworth and Miss Harris 
were both at the University of Iowa, 
they had begun a collection of the 
literature of the far right. Most of it 
was received free from the sponsoring 
organizations, which were glad to have 
a library collection devoted to their 
views. The Fund for the Republic, 
through the University of Iowa, gave 
them a small grant, about $4000, to 
support this work, which would provide 
researchers of whatever political view- 
point with a valuable central collection 





of such material. The authors, having 
written their report on their own initia- 
tive, submitted it to the Fund as token 
repayment, in a sense, for the assistance 
they had received. The report received 
some private circulation, and in 1960 
the Illinois Library School decided 
to publish it as one of its series of oc- 
casional papers. The report attracted 
no attention in the press, even though 
it carried the subtitle “A Report to 
the Fund for the Republic.” This was 
partly because the earlier version did 
not contain the closing remarks “to 
bring the report up to date,” asserting 
that moderate conservatives hold the 
same views as extremists on basic is- 
sues, or the suggestion that the country 
might be going fascist. But the report 
already did contain the other passages 
quoted here, making, without docu- 
mentation, some extremely surprising 
assertions. 

At no point, before or after publica- 
tion, did the Fund give any indication 
that it regarded the use of its name as 
misleading. This year M. B. Schnapper, 
head of Public Affairs Press in Wash- 
ington, asked Ellsworth for permission 
to reprint the report. 

He says he was particularly at- 
tracted by the fact that it was, in his 
view, an important piece of work done 
in a sound and scholarly way. He says 
he probably could not have published 
it without a reasonable expectation that 
it would pay its way, but that the “Fund 
for the Republic” subtitle, although a 
factor in reaching the judgment that it 
would sell reasonably well, was not the 
factor. He said he thought the Fund’s 
name would be “a lot more important 
from the point of view of respect for 
the report” than from the point of view 
of sales. He said he did not suggest re- 
moving the Fund’s name, since the 
Fund had had no objection to the use 
of its name for the Illinois publication, 
and in addition knew of his plans to re- 
publish. He said that in view of this it 
would have been highly improper for 
him to remove the name, but that he 
had suggested to Ellsworth that the in- 
troduction should contain a clear state- 
ment that the report was to the Fund, 
not a report of the Fund, which it did. 
But in neither version is there any- 
thing suggesting that the report, in 
fact, was neither sponsored nor fi- 
nanced nor solicited by the Fund. 
The author, Ellsworth, says the use of 
the Fund’s name might have been a 
mistake, but that the question of wheth- 
er it should be included had never come 
up for discussion, either between him- 
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self and Schnapper or between himself 
and the Fund. 

The press coverage, like the decision 
to republish, by no means depended 
solely on the use of the Fund’s name. 
An Associated Press editor points out 
that the general interest in reporting on 
right wing extremists was an important 
factor. Both Time and Newsweek had 
run long attacks on the extremists the 
previous week. But the apparent spon- 
sorship of the Fund, of course, was 
also a factor in the decision to cover 
the story at all and in deciding how 
much space to give it. 

The effect of the use of the name 
might reasonably seem to have been 
likely to give the impression that the 
Fund had sponsored the report, with 
the implication that its officials had 
looked into Ellsworth’s qualifications 
as a political analyst, had found him 
well qualified, and had financed his re- 
port. Since, as a practical matter, a 
foundation normally has a good idea of 
what sort of conclusions its grantee is 
likely to reach, particularly on such a 
widely discussed subject as Ellsworth’s, 
there was the further implication that 
the Fund found his views to be sound, 
or at least sufficiently sound to de- 
serve serious consideration. 

At least until the report was printed, 
all of these assumptions were wholly 
unwarranted, since, as noted, the Fund 
had in fact neither sponsored nor fi- 
nanced the report. In these circum- 
stances, the Fund’s responsibility for 
the report would appear to have been 
really no more than if it had been sent 
in by a complete stranger. But once 
the report had been published, and re- 
published, using the Fund’s name, with 
at least its tacit approval, it might seem 
that the Fund had chosen to take, or 
accept, responsibility for the report. 

But the Fund’s officials have not 
taken this view, and do not feel the 
use of the Fund’s name carries the im- 
plications suggested above. 

Robert Hutchins, former chancellor 
of the University of Chicago and head 
of the Fund, says the report is solely 
what its title says, a report to the Fund, 
with no implication of Fund approval 
or sponsorship. So unless the Fund 
changes its mind, it seeems that all 
anyone has to do who wishes to use 
the name of the Fund in this way, 
with whatever implications it may 
carry, is to subtitle his view “A Re- 
port to the Fund for the Republic,” 
and remember to mail a copy before 
publication to the Fund for the Re- 
public, Santa Barbara, Calif—H.M. 


22 DECEMBER 1961 


Space Cooperation: Agreement at 
U.N. Leaves Out Some Key Points 


From New York. The destructiveness 
of modern arms, and the long-standing 
antagonism of East and West, give spe- 
cial urgency to the exclusion of conflict 
in outer space. At the same time, the 
high cost of exploiting the peaceful 
uses of space, especially in communica- 
tions and weather forecasting, makes 
cooperation economically desirable. 

Of the two potentialities, military 
and peaceful, the former has litt!e im- 
mediate significance, but in the long 
run it portends the greatest hazards. 
At present, space technology, despite 
its startling achievements, is rudimen- 
tary, and the United States and the So- 
viet Union are technologically incapa- 
ble of clashing above the earth’s atmo- 
sphere. But in not too many years, if 
present goals are achieved, the means 
will be developed to carry the present 
earthly tensions into the outer regions. 
Growing skills will make questions of 
celestial sovereignty a reality; orbiting 
launching platforms will be in existence, 
and these may be countered by missiles 
capable of destroying a target in space. 

Against this background, considera- 
ble significance inevitably was attached 
to the Soviet Union’s decision last week 
to end its 2-year boycott of the United 
Nations Committee on the Peaceful 
Uses of Outer Space. It did this when 
it abandoned its insistence on a troika 
—East-West-neutral—division of the 
committee and endorsed a resolution 
calling for the committee to meet by 
31 March. The resolution, like a 
glimpse of blue sky in a rainy spell, 
was happily regarded as a propitious 
sign, and the tenor of most news ac- 
counts was that it portended the start 
of East-West space cooperation. This 
view was generally based on the resolu- 
tion’s exclusion of space from claims 
of national sovereignty. A closer exami- 
nation, however, reveals that by its 
omissions and cautious phrasings, the 
resolution reflects vast impediments to 
keeping the cold war out of space. 

The resolution generally follows the 
space proposals offered by President 
Kennedy in his U.N. address last Sep- 
tember, but significantly makes no ref- 
erence to his proposal for “prohibiting 
weapons of mass destruction in space 
or on célestial bodies.” According to 
sources at the U.N., the United States 
did not raise this particular item during 
the week-long negotiations that pro- 
duced the resolution, nor did the Soviet 
Union seek its inclusion. Japan and 


Egypt made an attempt to bring it up 
for discussion, but neither the U.S. nor 
the Soviet Union—which are the only 
nations that count in space matters— 
showed any interest in it. 

The closest the resolution came to 
requiring cooperation that has signifi- 
cance for military space efforts is in its 
provision calling for “states launching 
objects into orbit or beyond to furnish 
information promptly . . . for purposes 
of registration of launchings . . .” and 
“to provide for the exchange of such 
information relating to outer space ac- 
tivities as Governments may supply on 
a voluntary basis. . . .” 

The provision, of course, leaves open 
the question of what information is to 
be included in the registration. if it is 
simply that a vehicle has been launched 
into space, the registry would tell no 
more than can now be determined by 
radar surveillance. If it is to go beyond 
that, and provide information about 
thrust and mission, there is no reason 
to believe that, in the present state of 
cold war tensions, the U.S. would find 
disclosure any more welcome than the 
Soviets would. As this nation’s Midas 
and Samos reconnaissance systems ap- 
proach operational use, the Air Force 
has become noticeably reticent about 
their performance. The Soviets, for 
their part, have never owned up to a 
major space failure. The energy that 
they put into exploiting space for pres- 
tige purposes does not suggest that they 
will come forward and provide unflat- 
tering information about themselves. 
The registration provision also raises 
the question of inspection, which has 
been the stumbling block throughout 
East-West disarmament negotiations. If 
the registry is to provide more than the 
announcement that a vehicle went aloft, 
who is to verify whether the additional 
information is indeed truthful? 

In terms of readily attainable goals, 
the most significant part of the resolu- 
tion deals with the establishment of co- 
operative space efforts in communica- 
tions and weather forecasting. Since 
the United States has already invited 
other nations to partake of its achieve- 
ments in these areas, the foundation 
for cooperation has already been laid. 
If the Soviet Union chooses to remain 
aloof, as it has from past U.S. efforts 
to foster East-West space cooperation, 
it will find the United States far out- 
distancing it in the good will and prop- 
aganda benefits to be derived from pro- 
viding the world with some peaceful 
dividends of the space race. 

The Soviet decision to end its 2-year 
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boycott of the space committee was, of 
course, unaccompanied by any explana- 
tion and goes into the bulging file of 
mysterious Soviet policy changes; as 
usual, however, there is an abundance 
of plausible speculations. These include 
the theory that Soviet space scientists 
feel handicapped by enforced isolation 
from their Western counterparts and 
have prevailed upon their political lead- 
ers to open the way to some measure 
of cooperation; that the Soviet Union 
is now seeking to counteract the revul- 
sion it elicited by breaking the nuclear 
test moratorium and defying U.N. pleas 
to call off its test series, especially the 
preannounced 50-megaton blast; that 
American reconnaissance satellites are 
reaching the stage of refinement where 
they are seriously eroding Soviet se- 
crecy, and therefore the Soviets will 
soon have nothing to lose in letting the 
West in on some of their space activi- 
ties; and finally, that in view of the 
overwhelming sentiment at the U.N. 
for reviving the committee, there was 
nothing to be lost in an appearance of 
cooperation. Whatever the reason, sup- 
port of the resolution committed neither 
the Soviet Union nor the United States 
to anything they may regard as incom- 
patible with their national interests. The 
U.N., it should be recalled, has repeat- 
edly gone on record against nuclear 
testing. 

Under U.N. procedure, the resolu- 
tion goes from the 103-member politi- 
cal committee which adopted it to the 
General Assembly, where its approval 
is virtually assured. Once approved, it 
stands as a U.N. goal to be implemented 
under the space committee’s guidance. 

The protracted bargaining that pre- 
ceded adoption of the resolution cen- 
tered largely on a number of lesser 
powers ‘which are still a good way from 
the space age. In reviving the commit- 
tee, both the U.S. and the Soviet Union 
agreed that it should be enlarged from 
24 to 28 members to reflect the growth 
of U.N. membership. Which nations to 
add then became the hard issue. The 
Soviets selected Ghana and Outer Mon- 
golia, and the United States selected 
Sierra Leone and Chad. After the deal 
had been closed, however, Ghana ex- 
pressed pleasure at the thoughtfulness 
of the Soviet Union, but said that it 
had no interest whatsoever in serving 
on the committee. The Soviets then 
named Morocco, which accepted. 

South Africa, which has long cooper- 
ated with the United States in satellite 
tracking operations, protested that it was 
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offended by the failure of the United 
States to put it up for membership. 
The United States privately replied 
it was offended by South Africa’s racial 
policies.—D.S.G. 


Is Soviet Society Classless? 
Classroom Poll Casts Doubt 


What role does social class play in 
the assignment of educational oppor- 
tunities in the Soviet Union’s supposedly 
classless society? 

The stock answer from Soviet offi- 
cials is that it plays no role. Most West- 
ern observers, while not deprecating the 
Soviet Union’s educational achieve- 
ments, consider this answer to be some- 
thing less than the whole truth. A bit 
of support for this doubt is to be found 
in an incident related by Congressman 
John Brademas (D.—Ind.), who recently 
returned from a brief visit to the Soviet 
Union. Brademas, a 34-year-old Rhodes 
Scholar, is a member of the House 
Education and Labor Committee. He 
made the trip to study several Soviet 
educational institutions. 

In an article he wrote for the South 
Bend Tribune, Brademas described his 
visit to an experimental language school 
in Leningrad: 

“The pupils in the English school we 
visited were obviously intelligent and 
eager to learn and I was curious as to 
how they were selected for admission. 
I asked the principal if the parents of 
most had enjoyed the advantages of 
higher education. 

“‘Oh no!’ she replied, ‘most of the 
students’ parents are workers—con- 
struction workers, workers on the sub- 
way, all kinds of workers.’ 

“An hour later, while asking and 
answering questions in the 10th grade 
class, I requested the teacher to allow 
me to poll her pupils. When she said 
yes, I asked them each to write in 
English on a piece of paper their 


names, the occupations of both their: 


parents and what career they hoped to 
follow. 

“Of tweny-two pupils, only one said 
‘My father is a worker.’ The parents of 
three others appeared to be highly 
skilled workers or technicians—a dis- 
patcher at an airport, a master in one 
of the largest plants of Leningrad and a 
designer. 

“The other eighteen children came 
from families where fathers, and in a 
majority of cases, mothers, followed 
professions.” —D.S.G. 





Announcements 





A project for the establishment of a 
French National Center for the Study 
of Space, coordinating civil and mili- 
tary activities, has been approved by the 
French Council of Ministers. The ob- 
jectives of the center, which will suc- 
ceed the Committee on Space Research 
set up in January 1959, will be to plan 
and supervise a space program, and to 
represent France in international space 
activities. Among the projects proposed 
for the next 5 years are a joint British- 
French program for construction of the 
Blue Streak missile, and a joint program 
with the U.S. National Aeronautics and 
Space Administration for the launching 
of satellites, particularly those designed 
to study the ionosphere. The center, 
like the committee, will report directly 
to the Prime Minister. 


The results of long-term studies on 
industrial hearing loss have been re- 
leased by the U.S. Public Health Serv- 
ice. The report (PHS publication No. 
850) contains information obtained 
from hearing tests given 2000 em- 
ployees of the Federal Prison Indus- 
tries, and correlates these tests with 
factory noise measurements. (PHS, 
Washington 25, D.C.) 


An International Conference on Der- 
matoglyphics (the study of fingerprints, 
palms, and soles) has been founded to 
standardize methods and promote ac- 
tivity and research in the field. The 
conference, headed by Harold Cummins 
of Tulane Medical School, invites in- 
quiries from interested workers. (H. 
Cummins, Tulane Univ., 1430 Tulane 
Ave., New Orleans 12, La.) 


The Department of the Interior has 
initiated a nationwide training and re- 
search program in sport fishery, with 
the establishment of a Cooperative Fish- 
ery Unit at Utah. State University. Un- 
der the new program, state agencies 
will provide and maintain technical gear 
and equipment; arrange limited funds 
for graduate studies; provide assistant- 
ships, fellowships, or research grants in 
fisheries or for graduate theses projects 
on fishery management techniques, fish- 
pesticide relationships, aquatic ecology, 
and fish population dynamics; and, with 
federal agencies, will give seasonal em- 
ployment to fishery students wherever 
possible. (Fish and Wildlife Service, 
USDI, Washington 25, D.C.) 
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Translated 1961 issues of the follow- 
ing Soviet instrumentation and auto- 
matic control journals are available 
through the Instrument Society of 
America under a grant from the Na- 
tional Science Foundation: 

Automation and Remote Control, 
published monthly by the U.S.S.R. 
Academy of Sciences; covers automatic 
control theories and techniques. 

Measurement Techniques, published 
monthly by the U.S.S.R. Council of 
Ministers. 

Instruments and Experimental Tech- 
niques, published bimonthly by the 
U.S.S.R. Academy of Sciences; covers 
function, construction, application, and 
operation of instruments in various 
fields. 

Industrial Laboratory, published 
monthly by the U.S.S.R. Council of 
Ministers; covers instrumentation for 
analytical chemistry, and physical and 
mechanical methods of material re- 
search and testing. (Foreign Transla- 
tions Department, ISA, Penn Sheraton 
Hotel, 530 William Penn PIl., Pitts- 
burgh 19) 


The Canadian government is estab- 
lishing a Marine Sciences Branch to 
combine hydrographic surveys with re- 
search in oceanography, marine geol- 
ogy, and the geophysical sciences of the 
seas. Headquarters of the new branch, 
scheduled to open in April 1962, will 
be at Ottawa. Atlantic coast hydro- 
graphic and oceanographic activity will 
be centered in the Bedford Institute of 
Oceanography, scheduled for comple- 
tion in mid-1962. A similar center is 
planned for the Pacific coast in about 
3 years. The new branch will be serv- 
iced by a fleet of survey-research ships, 
provided under a long-range shipbuild- 
ing program. 


The Department of Health, Educa- 
tion, and Welfare has published an 
analysis of legally blind children, their 
degree of remaining vision and mode of 
reading. The study, conducted on the 
14,125 children registered with the 
American Printing House for the Blind 
in January 1960, revealed that less than 
25 percent are totally blind, more than 
60 percent have sufficient vision for 
their instructional programs, and ap- 
proximately 58 percent use braille and 
38 percent print (the remaining 4 per- 


cent use both) as their primary mode 


of reading. (Superintendent of Docu- 
ments, Government Printing Office, 
Washington 25, D.C. $0.25) 
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The National Bureau of Standards 
has established a National Conference 
of Standards Laboratories to improve 
the uniformity and precision of calibra- 
tion and measurements in the physical 
sciences, engineering and technology, 
and to aid in the organization and 
operation of standards laboratories. 
The first in the NCSL planned series of 
conferences has been scheduled for 
August 1962 in Boulder, Colorado. 
(National Conference of Standards 
Laboratories, National Bureau of 
Standards, Washington 25, D.C.) 


Courses 


A graduate program in planning and 
policy sciences, leading to the M.S. and 
Ph.D. degrees, is available at Case In- 
stitute of Technology. The program, 
designed to employ the technical and 
social sciences in dealing with public 
policy problems, is divided into two 
areas: metropolitan development, which 
includes city planning, regional and 
urban economics and politics, transpor- 
tation, and urban sociology; and water 
resources, which includes sanitary and 
hydraulic engineering, geology, govern- 
mental organization and administration, 
and regional planning and economics. 
Fellowships and assistantships are avail- 
able to qualified students. Deadline: 7 
March 1962. (James A. Norton, CIT, 
Cleveland 6, Ohio) 


A course on photogrammetry and 
photo-interpretation will be held at the 
University of Illinois from 30 January 
to 2 February 1962. (Supervisor, Engi- 
neering Extension, Room 116d Illini 
Hall, University of Illinois, Urbana) 


Meeting Notes 


A post-graduate symposium on infer- 
tility will be held in New York from 
8 to 10 February 1962. The symposium 
is jointly sponsored by the New York 
University Medical Center and the 
Ameri-rn Society for the Study of 
Steril; Tuition: $75. (N.Y.U. Post- 
graduaie Medical School, 550. First 
Ave., New York 16) 


A U.N. conference on the application 
of science and technology for less- 
developed countries will be held in 
Geneva, Switzerland, from 16 to 31 
August 1962. Deadline for receipt of 
abstracts: 1 February 1962. (Edward 


C. Fei, Science Conference Staff, Agen- 
cy for International Development, De- 
partment of State, Washington 25, D.C.) 


Grants, Fellowships, and Awards 


Applications are being accepted for the 
$1500 Hofheimer prize of the American 
Psychiatric Association, awarded an- 
nually for a manuscript on psychiatric 
or mental health research which has 
been published within the last 3 years. 
Applicants must be citizens of the 
United States or Canada, and under 
40 years of age. Research groups whose 
median age does not exceed 40 years 
are also eligible. Deadline for submis- 
sion of entries (8 copies): 2 March 
1962. (Peter H. Knapp, Hofheimer 
Prize Board, Boston University, 80 E. 
Concord St., Boston 18) 


Applications are being accepted for 
predoctoral traineeships in radiation bi- 
ology, which permit recipients to devote 
full time to graduate training. The 
awards, sponsored by Oak Ridge Na- 
tional Laboratory and the University of 
Tennessee, carry $2200 stipends plus 
tuition and dependency allowances. (J. 
G. Carlson, Institute of Radiation Biol- 
ogy, University of Tennessee, Knoxville) 


Applications are being accepted for 
the 1962-63 graduate fellowships in ap- 
plied mathematics and analysis offered 
by the Army’s Mathematics Research 
Center at the University of Wisconsin. 
Recipients, who must have a bachelor’s 
degree in mathematics, physics, or engi- 
neering, are expected to devote full time 
to study leading to a master’s degree in 
the field. Basic stipends ($2250 for fel- 
lows without a master’s degree, $2500 
for those with the degree) will be in- 
creased by $500 for dependents. Dead- 
line: / February 1962. (R. E. Langer, 
Mathematics Research Center, U.S. 
Army, University of Wisconsin, Madi- 
son 6) 


Scientists in the News 


Recipients of the $1000 Nutrition 
Research awards of the Nutrition Foun- 
dation: 

George W. Beadle, chancellor of the 
University of Chicago and 1958 Nobel 
laureate in medicine and physiology. 

Conrad A. Elvehjem, president of 
the University of Wisconsin. 

William C. Rose, emeritus professor 
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of biochemistry at the University of 
Illinois. 

Fredrick J. Stare, chairman of the 
nutrition department at the Harvard 
School of Public Health. 

Vincent du Vigneaud, chairman of 
the department of biochemistry at Cor- 
nell Medical College, and 1955 Nobel 
laureate in chemistry. 


Recipients of the recently established 
$5000 Bronfman prizes for public 
health achievement: 

Marcolino G. Candau, director-gen- 
eral of the World Health Organization 
in Geneva. 

James E. Perkins, managing director 
of the National Tuberculosis Associa- 
tion in New York. 

James Watt, former director of the 
National Heart Institute and recently 
named director of the Public Health 
Service’s division of international public 
health. 


Eli Chernin, assistant professor of 
tropical public health at Harvard, has 
received the $1000 Bailey K. Ashford 
award of the American Society of 
Tropical Public Health and Hygiene. 


Marvin D. Rausch, senior research 
chemist with Monsanto Chemical Com- 
pany’s research and engineering divi- 
sion, has been appointed visiting pro- 
fessor of chemistry at the University 
of Kansas for the current semester. 


Paul D. Agarwal, former professor 
of electrical engineering at the Univer- 
sity of Massachusetts, has joined Gen- 
eral Motors Corporation as a_ tech- 
nical specialist in the defense systems 
division at Santa Barbara, California. 


Leo L. Beranek, president of Bolt, 
Beranek and Newman, Inc., in Cam- 
bridge, Mass., is the third recipient of 
the Wallace Clement Sabine award of 
the Acoustical Society of America for 
his work in architectural acoustics. 


Walmer E. Strope, associate scientific 
director at the U.S. Naval Radiological 
Defense Laboratory in San Francisco, 
has been appointed director of re- 
search and development for Civil De- 
fense in Washington, D.C. 


Loren G. Hepler, of the University 
of Virginia, has been named associate 
professor of chemistry at Carnegie 
Institute of Technology. 
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Thomas A. Loftus, of Jefferson 
Medical College in Philadelphia. has 
been named professor and chairman 
of psychiatry at West Virginia Univer- 
sity Medical Center. 


Christian DeDuve, professor of 
physiological chemistry at the Univer- 
sity of Louvain (Belgium) is spending 
3 months as visiting professor of bio- 
chemistry at Yeshiva University’s Al- 
bert Einstein College of Medicine in 
New York. 


Keith B. Harvey, on leave from the 
Imperial Chemical Industries in Eng- 
land, has been appointed visiting 
scientist in the National Bureau of 
Standards’ mineral products division. 


Robert Goldstein, of Tufts Univer- 
sity School of Medicine, Morton 
Smith, of the Chicago Medical School, 
and Norman Deane, of New York 
University School of Medicine, have 
been appointed associate professors of 
medicine at New York Medical College. 


James W. Moyer, of the Sperry 
Rand Research Center, has been ap- 
pointed director of research for Servo- 
mechanisms, Inc., in Santa Barbara, 
California. 


Surindar N. Bhaskar, associate pro- 
fessor of pathology at Georgetown 
University Dental School, has been 
appointed chief of the newly created 
department of cral pathology at the 
Walter Reed Army Institute of Re- 
search. 


Charles L. Cave, formerly with In- 
ternational Business Machines’ federal 
systems division, has been appointed 
director of systems engineering for 
Machine Translation, Inc., in Wash- 
ington, D.C. 


Leslie E. Wagner, assistant profes- 
sor of mechanical engineering at the 
University of Michigan, has received 
the annual George N. Sieger award 
of the American Welding Society. 


Recent staff appointments at the Uni- 
versity of California, San Diego (La 
Jolla): 

Fred N. Spiess has been named act- 
ing director of the university’s Scripps 
Institution of Oceanography for a 1- 
year period, effective in October. Spiess, 
former director of the Scripps marine 


physical laboratory, succeeds Roger Re- 
velle, recently appointed science adviser 
to Secretary of the Interior Udall. 

James R. Arnold, chairman of the 
university’s department of chemistry, 
will become acting dean of the school 
of science and engineering during Re- 
velle’s absence. 


S. Y. Wong, of Philco Corporation’s 
Computer Division, and N. Metropolis, 
director of the University of Chi- 
cago’s Institute for Computer Research, 
are spending 6 weeks as computer con- 
sultants to the Indian Government’s 
Statistical Institute, Calcutta. 


Robert T. Hewitt, chief of the hos- 
pital consultation service in the Na- 
tional Institute of Mental Health, has 
retired to assume a position with the 
Western Interstate Commission for 
Higher Education in Boulder, Colo- 
rado. 


Herbert R. Albrecht, director of 
Pennsylvania State University’s agri- 
cultural extension service, will succeed 
the late Fred S. Hultz as president of 
North Dakota State University. 


Robert Rawson, postdoctoral fellow 
in physiology at Loyola University 
School of Medicine, has been appointed 
assistant fellow of the John B. Pierce 
Foundation and instructor in physiol- 
ogy in the Yale University School of 
Medicine. 


Maurice Ewing, director of Colum- 
bia University’s Lamont Geological 
Observatory, has been awarded the 
American Geographical Society’s Col- 
lum medal for his work in oceanogra- 
phy. 


At Princeton University’s biology 


department: 

William P. Jacobs will be spending 
a leave of absence during 1962 at 
Oxford University’s department of 
agriculture. 

Camilla Odhnoff, of Lund Univer- 
sity’s institute of plant physiology in 
Sweden, is a visiting fellow in the 
department. In January 1962 she will 
join the University of Wisconsin’s 
botany department. 


Raymond W. Meyer, formerly with 
Lockheed Electronics, has joined Eitel- 
McCullough, Inc., in California, as 
director of quality assurance. 
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BOOK REVIEWS 





Disarmament, Arms Control, 


and Strategic Analysis 


Can strategic analysis reveal methods for controlling 


threats to peace and for preventing nuclear war? 


How can the world avoid the ulti- 
mate catastrophe of nuclear war? There 
is a simple and suggestive answer: get 
rid of nuclear weapons. But this is 
easier said than done. The East and 
West have debated nuclear disarma- 
ment since the end of World War II, 
but so far these debates have produced 
no tangibie result. Disarmament re- 
mains in the realm of talk. And in the 
field of practical policy, there is in- 
stead, a nuclear armament race. It is a 
frustrating situation. 

There are several approaches toward 
resolving this frustration. The radical 
disarmers, for example, argue that the 
main reason for lack of progress is the 
West’s insistence on ironclad guarantees 
that the other side will fulfill its obliga- 
tions. If the West acted from trust 
rather than distrust, they argue, dis- 
armament could be achieved. Another 
approach is that of the Western diplo- 
matic practitioners who want to isolate 
points of detail on which formal agree- 
ment can be achieved, regardless of the 
fundamental differences that separate 
the two sides in other respects. Their 
underlying idea is that the problem will 
be gradually brought under control by 
the slow accumulation of technical ar- 
rangements. Finally, a third group, the 
strategic analysts, look at arms control 
and disarmament, not as a self-con- 
tained objéctive, but as just one aspect 
of the broader problem of international 
equilibrium and national security. In 
their view, the problem is how to keep 
the international system in balance; 
arms control may contribute to this, 
but so may deterrent weapons. 

The three books reviewed here deal 
with the problem of disarmament and 
arms control from these various points 
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of view. Bernhard G. Bechhoefer’s 
Postwar Negotiations for Arms Control 
(Brookings Institution, Washington, 
D.C., 1961. 641 pp. $8.75) reflects the 
approach of the American practical ne- 
gotiator. Arms Control, Disarmament, 
and National Security (Braziller, New 
York, 1961. 475 pp. $6), edited by 
Donald G. Brennan, is a collection of 
essays in which all three schools of 
thought are represented, but the main 
emphasis is on strategic analysis. Bren- 
nan’s volume is an outgrowth of the 
arms control study and discussions car- 
ried out under the sponsorship of the 
American Academy of Arts and Sciences 
and first published as a special issue 
of its journal, Daedalus (Fall 1960). 
A shorter book, Strategy and Arms 
Control (Twentieth Century Fund, New 
York, 1961, 148 pp. $2.50), by Thomas 
C. Shelling and Morton H. Halperin, 
also treats the problem from the strate- 
gic analyst’s point of view. Both Schell- 
ing and Halperin also _ contributed 
papers to the Brennan volume. 


The Piecemeal Approach 


Bechhoefer’s volume gives a clear, 
comprehensive, richly documented, crit- 
ical account of the arms control and 
disarmament debates and negotiations 
between the East and West from the 
early postwar years up to the spring of 
1961. The author participated in mak- 
ing and implementing the disarmament 
and arms control policies of the United 
States during most of this period. Thus, 
he can draw upon his own experience, 
in addition to the vast documentary 
material that he handles with great 
mastery. 


To the Westerner, negotiating with 
the Russians is a notoriously dismal ex- 
perience, and the disarmament talks 
were no exception; as the 2uthor shows, 
they produced an ino-dinate amount of 
exasperation. In fact, Bechhoefer tends 
to blame both sides for the communica- 
tion breakdowns with which the history 
of disarmament negotiations is replete. 
On the Russian side, there was trickery, 
bad faith, and a tendency to indulge in 
propaganda under the guise of negotia- 
tion. The West, on the other hand, 
tended to neglect the cardinal principle 
that negotiations can be fruitful only 
if the proposals made by one side are 
not manifestly unacceptable to the oth- 
er. Yet, summing up the entire cycle of 
negotiations, Bechhoefer finds a positive 
balance. The West has learned, by now, 
how to make proposals to which the 
Russians can agree; the latter, in turn, 
have shown some willingness to nego- 
tiate in a businesslike fashion rather 
than to indulge in propaganda. Thus, 
at long last, the disarmament talks are 
on the right track. Instead of talking 
past each other, we now talk about 
what we can and shall do together, one 
step at a time. By concentrating upon 
feasible and negotiable measures (for 
example, test suspension), disarmament 
talks have become operationally mean- 
ingful. 

It is understandable that the practical 
negotiator welcomes this change in the 
style of negotiation as an escape from 
the hell of futility; at least, he can ex- 
pect to achieve something tangible, how- 
ever modest. But the question is, how 
far can this concentration upon feasible 
agreements and noncontroversial meas- 
ures take us along the road towards a 
comprehensive arms control agreement? 
As long as controversial items are ex- 
cluded on principle, armaments will 
remain unregulated in all major re- 
spects. The practical negotiator must ac- 
cept this. But does this lack of regula- 
tion not create an ever mounting danger 
of conflict? If it does, the piecemeal 
approach adopted by the practical ne- 
gotiator is clearly inadequate to save 
the world. But if it doesn’t, it is hard 
to see what essential contribution the 
feasible minor agreements can make to- 
ward reducing the danger of conflict. 
As Bechhoefer shows, the Western side 
made considerable efforts to define sig- 
nificant threats to peace but that could 
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be treated in isolation; this is how the 
problem of surprise attack came to be 
a focal issue. It is, however, unrealistic 
to assume that safety from such attack 
can be achieved by technical arrange- 
ments. 

Thus, the practical negotiator is 
caught in a dilemma between sacrificing 
either operational meaningfulness or 
contact with the essential problems of 
peace and war. Bechhoefer’s analysis 
reflects this dilemma without resolving 
it. He bases his favorable assessment of 
the entire cycle of talks upon the 
amount of agreement actually achieved: 
“Both the Soviet Union and the West 
have recognized that an uncontrolled 
arms race increases the likelihood of a 
disastrous nuclear war’; moreover, 
there is agreement on the necessity of 
continuing talks and of proceeding by 
stages, taking up only items on which 
agreement is possible (pages 567 to 
570). The trouble is that we cannot 
take the first point of agreement (grow- 
ing likelihood of conflict in the absence 
of regulation) very seriously, if we base 
our practical policy upon the second 
(the piecemeal approach). In the course 
of his analysis, Bechhoefer stresses “the 
supreme importance of Western deter- 
rent strength in preventing the outbreak 
of war” (page 577), without considering 
to what extent this view deflates the 
consensus concerning the growing dan- 
ger of war inherent in an unregulated 
arms race. 


Strategic Analysis 


I do not suggest that relying on de- 
terrence is incompatible with recog- 
nizing the need for arms control. My 
point is only that we cannot combine 
the two approaches without admitting 
that there are stabilizing mechanisms 
which operate in an unregulated world. 
These mechanisms are subject to mal- 
function and breakdown; it is therefore 
necessary to explore how they should 
and could be made more reliable. This 
requires strategic analysis, the investiga- 
tion of the necessary and sufficient con- 
ditions for achieving a certain desired 
state of the world (in this case, con- 
tinued peace). The idea of arms con- 
trol has an important role to play in 
this sort of strategic analyses, but not 
with feasibility of formal agreement as 
the decisive criterion. The question is, 
rather, what specific deficiencies of the 
unregulated process call for what spe- 
cific measures of limitation and control, 
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whether formal or informal, bilateral or 
unilateral. 

This is how the strategic analysts rep- 
resented in Arms Control, Disarma- 
ment, and National Security look at the 
problem. In his introduction, Donald 
G. Brennan, the editor, puts the matter 
in a comprehensive framework, em- 
bracing deterrence and arms limitation 
as two interrelated aspects of national 
security. To evaluate limitation schemes 
properly, one must ascertain how they 
affect the stabilizing effects of other 
arms policies. In his paper, Thomas C. 
Schelling elaborates this point of view 
in brilliant detail. This is also the main 
theme in Strategy and Arms Control 
by Schelling and Halperin. Here the 
authors examine the likely, real conse- 
quences of a wide array of arms control 
measures, and they show how easily the 
actual effects of control can deviate 
from the intended ones. 

According to Schelling, avoiding con- 
flict is not simply a matter of increasing 
or reducing armaments; the question is 
rather whether the existing armaments, 
large or small, facilitate a continued 
standoff or create an explosive situation 
by putting a premium on striking first. 
One can, and should, cooperate with 
the opponent in developing weapon sys- 
tems capable of doing the former. This 
cooperation, however, need not take 
the form of explicit limitation agree- 
ments; one can move unilaterally in the 
direction of a “stable” system and ex- 
pect the adversary, perceiving this, to do 
likewise, given the mutuality of interest 
in stability. Even if armed conflict does 
break out, mutual accommodation re- 
mains a vital problem. Schelling holds 
that even general war between Soviet 
Russia and the United States need not 
involve an indiscriminate nuclear holo- 
caust: mutual interest may lead to lim- 
itation. (A similar conclusion is pre- 
sented by Edward Teller in his paper 
on the feasibility of arms control and 
the principle of openness [Brennan, 
page 133].) : 

Formal agreements on arms limitation 
play a subordinate role in Schelling’s 
analysis; at present, he says, nobody 
takes them very seriously, but he adds 
that an acute war crisis might bring 
about “a sudden and drastic change in 
the attitudes of both sides towards arms 
control” (Brennan, page 183). Disarma- 
ment negotiations under pressure might 
offer a way out. By contrast, Herman 
Kahn holds that, in any case, limitation 
agreements are required, in view of the 
explosive trend inherent in present arms 





developments. A fateful cause of in- 
stability is the rapid rate of technolog- 
ical progress itself, which interferes 
with “adjustment to international ten- 
sion” and creates “doctrinal lags” that 
make for miscalculation and accidental 
war. Another such factor is the spread 
of nuclear weapons to many nations. 
Kahn calls for formal limitation agree- 
ments, arrived at with full realization 
of the complex technological, military, 
and political problems involved, as the 
best way to make the new weapons 
environment more managcable. 

The Brennan volume contains several 
other important pieces of strategic anal- 
ysis, for example, those by Robert R. 
Bowie, Henry A. Kissinger, and Jerome 
B. Wiesner. Space forbids discussing 
these, but the above samples may suf- 
fice to illustrate the specific strength of 


the strategic analysts’ approach: their © 


sense of the interrelatedness of the man- 
ifold factors on which the maintenance 
of peace depends. The analysts avoid 
the failing to which the practitioners 
sometimes succumb, that of reasoning 
from unexamined premises. But this 
exposes them to the opposite danger of 
remaining inconclusive. Strategic anal- 
ysis does more to awaken a sense of 
the enormous difficulty and complexity 
of the problems of peace and war than 
to offer commonly accepted, reliable 
solutions to them. Also, the rarefied 
atmosphere of strategic analysis gene- 
rates great difficulties of communica- 
tion. These are most drastic in Kahn’s 
case; he is inclined to make his points 
in terms of hypothetical casualty statis- 
tics and of truly horrendous thought 
models such as “Doomsday Machines” 
(Brennan, page 102). Many people re- 
fuse to follow chains of reasoning ex- 
pressed in this language; since, in their 
view, nuclear war represents the ulti- 
mate of inhumanity, thinking about it 
as a hypothetical reality is inhuman, 
even if this is for the purpose of finding 
out how best to avoid it. 


The Radical Disarmers 


According to the radical disarmers, 
the first requirement for avoiding nu- 
clear war is to look at nuclear weapons 
solely as agents of world destruction, 
dismissing the idea that their existence 
could contribute to the preservation of 
peace. This is the stand taken by Erich 
Fromm in the Brennan volume. He re- 
jects the idea of nuclear deterrence, not 
merely because it is unlikely to work 
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in the long run, but, above all, because 
its consequences would be disastrous 
even if it did forestall nuclear war. 
Were we “to live for any length of time 
under the constant threat of destruc- 
tion,” we would lose all capacity to live 
in freedom and eventually turn into 
totalitarian “barbarians.” The only way 
out consists of taking active steps to- 
ward disarmament, expecting reciproca- 
tion by the Russians but not making it 
a preliminary condition. This policy is 
risky, but its risks are less than those of 
nuclear arming. Moreover, the risk 
should not be overestimated; the pres- 
ent leaders of Soviet Russia are both 
too rational and too conservative (nay, 
reactionary) to be interested in military 
conquest for the sake of promoting 
world revolution. 

This argument of Fromm’s is logical- 
ly consistent, but its underlying assump- 
tions are open to question. If the deter- 
rent “works,” its psychological effect 
will be less and less that of a constant, 
vividly felt fear of destruction. Also, a 
sharp imbalance of strength between 
the East and West would enable Soviet 
Russia to undermine all free institutions 
without abandoning “rationality” and 
without aiming at military conquest. 
Any unilateral disarmament would open 
up tremendous possibilities of black- 
mail against which the idealism so elo- 
quently evoked by Fromm would pro- 
vide no protection. Balance therefore 
must be recognized as an indispensable 
requirement of a tolerable world order, 
and the task of coming to terms with 
the new weapons environment cannot 
be evaded. 





Energy Transformation 


The Fire of Life. An introduction to 
animal energetics. Max Kleiber. 
Wiley, New York, 1961. xxii + 454 
pp. Ilius. 


This book is a delight: it is charm- 
ingly written by a world-recognized 
leader in bioenergetics, and it is witty, 
wise, and informative. Kleiber decided, 
after 10 years of writing, to take his 
title to indicate that the volume is “es- 
sentially limited to the- classical rather 
than the newer aspects of metabolism 
and nutrition.” He follows the educa- 
tionally preferable procedure of lead- 
ing gradually from the concrete to the 
abstract. 

The purpose of the book is to de- 
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scribe fundamental concepts in bioener- 
getics, such as heat and chemical 
energy, and then to show the basic 
relationships between environmental 
factors and living organisms. Thus to 
introduce a discussion of the physio- 
logical effect of food, consideration is 
first given to what happens to an ani- 
mal who goes without food. A survey 
of survival time in relation to starva- 
tion gives a chance to discuss basic 
concepts of statistics and their appli- 
cations in bioenergetics. The composi- 
tion of living bodies is discussed with 
extension to loss of body weight and 
loss of body substance. An excellent 
description is given of the evolution of 
methods for the measurement of respir- 
atory exchange. There is then the prob- 
lem of what a starving animal gains by 
burning up its own body. There is a 
review of principles of animal heat loss 
and animal temperature regulation. A 
chapter on basal metabolism explores 
the relationship of body size and met- 
abolic rate, and there is modest ref- 
erence to that relationship between 
body size and efficiency of food utili- 
zation often referred to as “Kleiber’s 
principle.” 

Kleiber treats the prevention of star- 
vation from the aspect of food as fuel. 
Clarification is offered of confusing 
opinion regarding losses of food ener- 
gy, with detail on the calorigenic effect 
of food. Finally, there is an excellent 
appraisal of the necessities in food re- 
quirements for our increasing human 
population. Kleiber concludes that 
starvation today results more from eco- 
nomic conditions than from shortage of 
energy, and that “considerations of el- 
bow room rather than scarcity of food 
should limit the growth of human pop- 
ulations.” 

Kleiber is generous in his acknowl- 
edgements of aid from his teachers 
and his colleagues. He is comprehensive 
in his references to significant contri- 
butions from scientists. He is lucid in 
the analysis of complex principles. And 
he is stimulating in the philosophical 
questions which he raises. 

A series of appendices give much 
factual information and also offer a 
number of practice problems. The. bib- 
liography is excellent, and the volume 
is well indexed. Altogether, this is a 
skillfully. and brilliantly organized dis- 
cussion which may long serve as the 
definitive exposition of classical bio- 
energetics. 

CHAUNCEY D. LEAKE 
Ohio State University 


Extinct Reptiles 


Dinosaurs. Their discovery and their 
world. Edwin H. Colbert. Dutton, 
New York, 1961. 314 pp. Illus. $7.50. 


This informative book is primarily 
intended for the average person who is 
curious about dinosaurs, but it also con- 
tains considerable detail on some genera 
of the different groups. Thus the book 
can be read and understood by the 
readers for whom it is primarily intend- 
ed, and it will also be useful to paleon- 
tologists, especially for teaching. 

Each group of dinosaurs is discussed, 
and one of the oldest or most primitive 
as well as one of the most advanced 
forms is described. The most important 
characters and usually the adaptive 
significance of these features are eluci- 
dated. Colbert directs attention to many 
interesting genera not previously men- 
tioned in semipopular accounts. 

Basic principles and techniques in pa- 
leontology, with which paleontologists 
are concerned, are included to give the 
reader a better background. These in- 
clude geologic time, the discovery, col- 
lecting, classification, and preparation 
of specimens, and research. There are 
also interesting passages on the life and 
characteristics of dinosaurs—food hab- 
its, brains, brawn, temperatures, eggs, 
embryos, juveniles, tracks, environ- 
ments, distribution, and extinction. It 
is stated there is no satisfactory explan- 
ation for their extinction but that evolu- 
tion is in part dependent on extinction. 

An important omission is the lack of 
citations in the text and in the bibliog- 
raphy to original descriptions and to 
the most recent or best technical revi- 
sions of the genera and families. This 
would have been most helpful to the 
thousands of youngsters and teachers 
who are making a serious effort to in- 
form themselves by using original 
sources. 

From time to time throughout the 
book, Colbert’s years ‘of contact with 
the literature and, more particularly, 
with unpublished documents and field 
notes, enable him to reveal incidents 
about fossil discoveries and the persons 
involved in them. This adds much local 
color and brings the reader into realistic 
contact with the historical context of 
the subject, although the versions of 
some of these anecdotes differ some- 
what from those handed down to us. 
In these passages Colbert’s choice of 
words and his sentences are usually 


‘colloquial. 
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There are 150 excellent photographs 
and 51 line drawings, charts’ and maps, 
each of which illustrates some point 
emphasized in the text. I recommend 
this book to teachers for use at almost 
any level of instruction. 

R. A. STIRTON 
Museum of Palentology, 
University of California, Berkeley 


Auxins to 1959 


Les Phytohormones de _ Croissance. 
Méthods, chimie, biochimie, physiol- 
ogie, applications pratiques. Paul- 
Emile Pilet. Masson, Paris, 1961. 
775 pp. Illus. 


In the last 10 years the auxins have 
certainly been thoroughly written up; 
first Sdding’s Die Wuchsstofflehre 
(1952), then Audus’ Plant Growth Sub- 
stances (1953; ed. 2, 1959), Leopold’s 
Auxins and Plant Growth (1955), my 
L’Origine et les Fonctions des Auxines 
(1956), and Linser and Kiermayer’s 
Methoden zur Bestimmung pflanzlicher 
Wuchsstoffe (1957); there have been 
two full-sized symposia (in Wye, 1955, 
and in New York, 1959) and numerous 
smaller ones, and several chapters in 
large books. All this is not to mention 
a considerable number of special and 
general reviews. Now comes Pilet (him- 
self an active contributor to the field of 
growth and auxins), with a 774-page 
book that covers the literature through 
1959. Unlike several of the other au- 
thors, Pilet emphasizes pure science 
rather than horticultural uses. System- 
atically, he treats (in order) methods, 
chemistry, biochemistry, physiology, 
and practical applications. The litera- 
ture coverage is extensive and thorough; 
although it includes only papers pub- 
lished since 1937, the list (with titles) 
still occupies no less than 105 pages. 

In some parts of the field, critical 
evaluation would have been more use- 
ful than such complete reporting. For 
example, it is noted (page 328) that 
2,4-dichlorophenoxyacetic acid pro- 
motes the oxidation of indoleacetic 
acid, but it is not mentioned that this 
was traced to 2,4-dichlorophenol as an 
impurity. It is noted too that several 
workers using the diffusion technique 
found that the molecular weight for 
natural auxin in seedlings was 306 to 
384, while others found 155 to 200. 
But, except for drawing attention to the 
probable error of such measurements, 
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no real explanation of these discrepan- 
cies is attempted. It is a pity, too, to 
perpetuate the old statement that in- 
doleacetonitrile gives rise to indoleace- 
tic acid via the amide, for this has been 
disproved; the amide is neither an inter- 
mediate nor an effective substrate for 
the enzyme. 

A 40-page chapter, “Other hor- 
mones,” treats of kinins, gibberellins, 
and the postulated calines. Here we find 
the surprising statement (page 385): 
“Theoretically, it is certain that a caline 
controls (préside a) root formation, 
but it must be recognized that we know 
nothing either of its chemical structure 
or its biological properties, and no one 
has been able to extract it or to make 
an analysis of its biochemical charac- 
ters.” This seems to make the caline 
about as substantial, and as useful to 
theory, as the luminiferous ether, and 
one wonders whether such faith might 
not be better tempered with a desire 
for evidence. 

The section on physiology contains a 
good discussion of auxin transport and 
its complications and another of the 
role of auxin in tissue cultures, a re- 
view which, though brief, is a new 
and very useful departure. Pilet has a 
nice gift for making up little tables and 
diagrams, often bringing together the 
results of several workers. If the dia- 
grams are sometimes not as easy to 
understand as a table would have been, 
they are, in any event, better than a 
desert of text. 

The book is, alas, not free from the 
usual misprints and misspellings, espe- 
cially in the bibliography, but it is very 
understandable that the élan which 
drives one to assemble 105 pages of 
references might well be exhausted 
when the time comes to correct the 
proofs. 

What a pity that Pilet’s clear exposi- 
tion and beautifully phrased French 
will be lost on so many of our students 
who no longer learn to read the lan- 
guage. . 
KENNETH V. THIMANN 
Biological Laboratories, 

Harvard University 


New Books 


Mathematics, Physical Sciences 
and Engineering 


Advances in Inorganic Chemistry and 
Radiochemistry. vol. 3. H. J. Emeleus and 
A. G. Sharpe, Eds. Academic Press, New 
York, 1961. 463 pp. Illus. $12.50. 





Anodic Oxide Films. L. Young. Aca- 
demic Press, New York, 1961. 390 pp. 
Illus. $11. 

Astronomical Spectroscopy. A. D. 
Thackery. Macmillan, New York, 1961. 
256 pp. Illus. $3.95. 

The Chemistry of Heterocyclic Com- 
pounds. G. M. Badger. Academic Press, 
New York, 1961. 506 pp. Illus. $12. 

Cosmology. H. Bondi. Cambridge Univ. 
Press, New York, ed. 3, 1961. 182 pp. 
Illus. Paper, $2.45. 

Dispersion Relations and the Abstract 
Approach to Field Theory. Lewis Klein, 
Ed. Gordon and Breach, New York, 1961. 
284 pp. Illus. $4.95. 

Electronic Equipment Design and Con- 
struction. Geoffrey W. A. Dummer, Cleo 
Brunetti, and Low K. Lee. McGraw-Hill, 
New York, 1961. 248 pp. Illus. $8.50. 

Elements of Queueing Theory. With ap- 
plications. Thomas L. Saaty. McGraw- 
Hill, New York, 1961. 438 pp. $11.50. 

Fundamentals of Heat Transfer. H. 
Grober and S. Erk (revised by Ulrich 
Grigull). McGraw-Hill, New York, ed. 3, 
1961. 539 pp. Illus. $15. 

Gyredynamics and Its Engineering Ap- 
plications. Ronald N. Arnold and Leonard 
Maunder. Academic Press, New York, 
1961. 494 pp. $14. 

Instruments and Measurements. Chemi- 
cal analysis, electric quantities, nucleonics, 
and process control. vols. 1 and 2. H. von 
Koch and G. Ljungberg, Eds. Academic 
Press, New York, 1961. 1227 pp. Illus. 
vol. 1, $16; vol. 2, $22. 

Mass, Length and Time. Norman Fea- 
ther. Pelican Books, Baltimore, Md., 1961. 
367 pp. Illus. Paper, $1.45. 

The Mathematical Theory of Linear 
Systems. B. M. Brown. Wiley, New York, 
1961. 278 pp. Illus. $8. 

Modern Magnetism. L. F. Bates. Cam- 
bridge Univ. Press, New York, ed. 4, 1961. 
526 pp. Illus. Paper, $2.95; cloth, $7.50. 

Physical Methods in Chemical Analysis. 
vol. 4. Walter G. Berl, Ed. Academic 
Press, New York, 1961. 487 pp. Illus. $16. 

Principles and Applications of Elec- 
tromagnetic Fields. Robert Plonsey and 
Robert E. Collin. McGraw-Hill, New 
York, 1961. 570 pp. Illus. $12.75. 

Proceedings of the International Con- 
ference on Semiconductor Physics, Prague, 
1960. Academic Press, New York, 1961. 
1133 pp. Illus. $35. 

Random Variables and _ Probability 
Distributions. Harald Cramer. Cambridge 


Univ. Press, New York, 1961. 128 pp. 
Paper, $4. 
Reagent Chemicals and Standards. 


Joseph Rosin. Van Nostrand, Princeton, 
N.J., ed. 4, 1961. 565 pp. $14.50. 

Soviet Chemistry Today. V. I. Spitsyn. 
National Acad. of Sciences—National Re- 
search Council, Washington, D.C., 1961. 
302 pp. Illus. $2.50. 

Valency and Molecular Structure. E. 
Cartmell and G. W. A. Fowles. Academic 
Press, New York, ed. 2, 1961. 306 pp. 
Illus. $7. 

Understanding Digital Computers. Paul 
Siegel. Wiley, New York, 1961. 413 pp. 
Illus. $8.50. 

Unit Operations of Sanitary Engineer- 
ing. Linvil G. Rich. Wiley, New York, 
1961. 319 pp. Illus. $10.75. 
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Miscellaneous Publications 


(Inquiries concerning these publications should 
be addressed, not to Science, but to the publisher 
or agency sponsoring the publication.) 


American Museum of Natural History. 
92nd Annual Report. July 1960 to June 
1961 (100 pp.). Bulletin, vol. 121, art. 3, 
“The frogs of eastern New South Wales,” 
John A. Moore (385 pp., plates, $6). 
vol. 122, art. 1, “Geographic variation 
in some reproductive characteristics of 
diurnal squirrels,” Joseph Curtis Moore 
(32 pp. $1); art. 2, pp. 37-185, “Cranial 
morphology of the Hadrosaurian dino- 
saurs of North America,” John H. Os- 
trom ($2.50); art. 3, pp. 191-301, “A 
review of the bats of Trinidad and To- 
bago,” George G. Goodwill and Arthur 
M. Greenhall (plates, $4), art. 4, pp. 
307-408, “A generic revision and phylo- 
genetic study of the family Kalotermiti- 
dae (Isuptera),” Kumar Krishna ($1.50); 
art. 5, pp. 413-464, “Pseudoscorpions 
from Colorado,” C. Clayton Hoff ($1). 
The Museum, New York, 1961. 

Association for Applied Solar Energy. 
“Research frontiers in solar energy utili- 
zation, proceedings” (special issue of 
Journal of Solar Energy, September 1961). 
The Association, Arizona State Univ., 
Tempe, 1961. 59 pp. Illus. Papers pre- 
sented during the 98th annual meeting 
of the National Academy of Sciences. 

British Museum (Natural History). 
Bulletin Geology, vol. 5, No. 7, pp. 18- 
310, “The old red sandstone of Brown 
Clee Hill and the adjacent area.” pt. 1, 
“Stratigraphy,” Harold William Ball and 
David Lawrence Dinelley; pt. 2, “Pa- 
leontology,” Errol Ivor White. The 
Museum, London, 1961. Plate. 70s. 

Canada, National Research Council. 
“Building research, 1960.” The Council, 
Ottawa, Canada, 1961. 89 pp. $1. 

Colorado School of Mines. Quarterly, 
vol. 56, No. 3, pts. 1 and 2, “Fiftieth 
anniversary of froth flotation in the 
U.S.A.” Colorado School of Mines, 
Golden, 1961. 600 pp. Proceedings of a 
symposium held 17-20 September 1961. 

Geophysics Research Directorate. Re- 
search Notes, No. 62, “Bibliography of 
lunar and planetary research, 1960 (with 
annotations),” John W. Salisbury and 
Lynne T. Salisbury (50 pp.); No. 63, 
“Flight information and experimental re- 
sults of inflatable falling sphere system 
for measuring upper-air density,” G. A. 
Faucher, R. W. Procunier, and C. N. 
Stark (29 pp.); No. 64, “Maximum winds 
and missile response,” Henry A. Sal- 
mela and Arnold Court (8 pp.); No. 65, 
“Meteorological evaluation and applica- 
tion of rainfall radioactivity data,’ Per 
B. Storebo (27 pp.). The Directorate, Air 
Force Cambridge Research Laboratories, 
Bedford, Mass., 1961 (order from Office of 
Technical Services, Washington 25). 

Great Britain, Medical Research Coun- 
cil. Special Report, No. 300, “Cerebral 
infarction: the role of stenosis of the 
extracranial cerebral arteries,” Peter O. 
Yates and Edward C. Hutchinson. Her 
Majesty’s Stationery Office, London, 1961. 


(order from British Information Services, 
| New York). 95 pp. $2.65. 


International Council of 
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Scientific 


Unions, Committee on Space Research. 
“Cospar international reference atmos- 
phere, 1961.” Compiled by H. Kallman- 
Bijl, R. L. F. Boyd, H. Lagow, S. M. 
Poloskov, and W. Priester. North-Holland, 
Amsterdam; Interscience, New York, 
1961. 189 pp. Illus. $3. 

Joint Committee on Atomic Energy, 
Subcommittee on Research, Development, 
and Radiation. Hearings before the 87th 
Congress. “Operations under the indem- 
nity provisions of the Atomic Energy 
Act of i954.” Superintendent of Docu- 
ments, GPO, Washington, D.C., 1961. 
180 pp 

Malayan Nature Society. “Nature con- 
servation in western Malaysia, 1961” 
(Malayan Nature Journal, 21st anniver- 
sary, special issue), J. Wyatt-Smith and 
P. R. Wycherley, Eds. The Society, Kuala 
Lumpur, Malaya, 1961. 260 pp. Paper, 
$1.70; cloth, $2.50. 

National Vitamin Foundation. Annual 
Report. 1 January 1960-31 December 
1960. The Foundation, New York, 1961. 
131 pp. 

Oak Ridge Institute of Nuclear Studies. 
Fifteenth Annual Report. The Institute, 
Oak Ridge, Tenn., 1961. 56 pp. 

San Diego Society of Natural History. 
Transactions, vol. 12, No. 28. “Marine 
mollusks from Los Angeles Bay, Gulf of 
California.” James H. McLean. pp. 449- 
476. The Society, San Diego, Calif., 1961. 

Smithsonian Institution. Annual Report, 
1960, 605 pp. Contributions to Astro- 
physics, vol. 4, No. 4, pp. 97-129, “Pre- 
cision orbits of 413 photographic me- 
teors” [corrected copy] Luigi G. Jac- 
chia and Fred L. Whipple ($0.25); vol. 
5, No. 9, pp. 114-143, “Rotation of an 
earth satellite in flight along its orbit,” 
Yusuke Hagihara ($0.30). Supt. of Docu- 


ments, GPO, Washington, D.C., 1961. 
Smithsonian Institution, Astrophysical 


Observatory. Research in Space Science, 
Special Report No. 74, “On the ac- 
curacy of measurements made upon 
films photographed by Baker-Nunn satel- 
lite tracking cameras,” Karoly Lassov- 
szky (16 pp.); No. 75, “Density of the 
heterosphere related to temperature,” 
Marcel Nicolet (30 pp.); No. 76, “Effects 
of the earth’s ionosphere on HF radio 
astronomy from artificial satellites,” M. 
D. Grossi, K. M. Strom, and S. E. 
Strom (16 pp.). Smithsonian Astrophysical 
Observatory, Cambridge 38, Mass., 1961. 

Smithsonian Institution. Miscellaneous 
Collections, vol. 143, No. 5, “A long- 
range temperature forecast,” C. G. Abbot. 
The Institution, Washington, D.C., 1961. 
46 pp. 

Tulane Studies in Zoology. vol. 9, No. 
1, “Larval trematodes from the Apalachee 
Bay area, Florida, with a checklist of 
known marine Cercariae arranged in a 
key to their superfamilies,” Rhodes B. 
Holliman. Tulane Univ., New Orleans, 
La., 1961. 74 pp. Illus. $1.50. 

University of Kansas, Museum of 
Natural History. Miscellaneous Publica- 
tions, No. 27, “Land and fresh-water 
mammals of the Ungava Peninsula,” 
Francis Harper. The Museum, Lawrence, 
Kan., 1961. 178 pp. $2. 

University of Michigan, Museum of 
Zoology. Occasional Papers, No. 620, 


“Some effects of Volcan Paricutin on 
vertebrates,” William Henry Burt (24 
pp.); No. 621, “Two collections of birds 
from Campeche, Mexico,” Robert. W. 
Storer (20 pp.); No. 622, “Variation, life 
colors, and ecology of Cichlasoma cal- 
lolipis, a cichlid fish from southern Mex- 
ico, with a discussion of the Thorichthys 
species group,” Robert Rush Miller and 
Bernard C. Nelson (9 pp.); No. 623, 
“The glans penis in Proechimys and other 
caviomorph rodents,” Emmet T. Hooper 
(18 pp.). The Museum, Ann Arbor, Mich., 
1961. 

University of Puerto Rico, Institute of 
Caribbean Studies. Caribbean Studies, 
vol. 1, No. 2. The University, Rio Piedras, 
P.R., 1961. 53 pp. 

U.S. Atomic Energy Commission. 
TID-3562, “Cobalt in biological metabo- 
lism,” a literature search compiled by 
Charlie M. Pierce (121 pp., $2.50); TID- 
13358, “Offsite ecological. research of the 
division of biology and medicine—ter- 
restrial and freshwater” (138 pp., $2.50); 
TID-7614, “Proceedings of the sym- 
posium on uranium carbides as reactor 
fuel materials” (heid 4 April 1961) (153 
pp., $1.50). The Commission, Washing- 
ton, D.C., 1961 (available from Office 
of Technical Services, Washington, D.C.). 

U.S. Bureau of Census. Foreign Social 
Science Bibliographies, Series P-92, No. 
3, “Bibliography of social science period- 
icals and monograph series: Mainland 
China, 1949-1960,” compiled by Foreign 
Manpower Research Office. Superintendent 
of Documents, GPO, Washington, D.C., 
1961. 32 pp. $0.25. 

U.S. Coast and Geodetic Survey. Publ. 
62-1 “Tellurometer manual” (rev. ed.), 
Austin C. Poling. Superintendent of 
Documents, GPO, Washington, D.C., 
1961. 76 pp. $0.45. 

U.S. Geological Survey. Bulletin, No. 
1032-E, pp. 223-272, Geology and Ore 
Deposits of Clear Creek, Gilpin, and 
Larimer Counties, Colorado: “Petrogra- 
phy of radioactive tertiary igneous rocks, 
Front Range mineral belt, Colorado,” 
John D. Wells (Maps. 1960). Professional 
Paper, No. 303-C, pp. 47-167, Explora- 
tion of Naval Petroleum Reserve No. 4 
and Adjacent Areas, Northern Alaska, 
1944-53: “Geology of the Utukok-Corwin 
region, northwestern Alaska,” (pt. 3) 
Areal Geology,” Robert M. Chapman 
and Edward G. Sable (Maps. 1960); No. 
305-K, pp. 569-644, “Core tests and test 
wells Barrow area, Alaska (pt. 5), Sub- 
surface geology and engineering data,” 
(Maps. 1961). No. 357, “Chattanooga 
shale and related rocks of central Ten- 
nessee and nearby areas, Louis C. Conant 
and Vernon E. Swanson. (91 pp. Maps. 
1961). Superintendent of Documents, 
GPO, Washington, D.C. 

U.S. National Bureau of Standards. 
Applied Mathematics Series, No. 58, 
“Fractional factorial designs for experi- 
ments with factors at two and three 
levels,’ W. S. Connor and Shirley Young 
(65 pp., $0.40). NBS Monograph, No. 37, 
“International practical temperature scale 
of 1948, text revision of 1960,” H. F. 
Stimpson (8 pp., $0.10). Superintendent 
of Documents, GPO, Washington, D.C., 


1961. 
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Repetition and Paired 
Associates Learning 


Abstract. Recent experiments have sug- 
gested that paired-associate items which 
are practiced and missed are equivaleni to 
new items on future trials, supporting an 
all-or-none interpretation of the formation 
of associative bonds. Experiments reported 
here show that if correct items are dis- 
carded after each trial the probability of 
getting a missed item correct on the next 
trial is higher than the probability of get- 
ting a new item correct. 


The rate of learning lists of paired- 
associate items by the traditional meth- 
od in which each pair is presented on 
every trial is virtually identical to the 
rate of learning lists when those pairs 
missed on each trial are replaced by 
randomly selected, previously unprac- 
ticed pairs (J; see also 2). Similar re- 
sults have been obtained under differing 
conditions (3). From this finding, Rock 
concluded that associations are formed 
either completely or not at all in one 
trial and says: “It is as if pairs which 
are not retained by the time of the test 
leave nothing in the nervous system of 
any value for future use” (J, p. 192). 
In other words, his interpretation is 
that if a pair is practiced and then is 
missed on the following test, it is nei- 
ther more nor less likely to be gotten 
correct on the next trial than is a new 
pair. 

Estes (4) came to the same conclu- 
sion. In part, his conclusion is based 
upon his finding that paired-associate 
items which are practiced and missed 
on the first trial, following the conven- 





Instructions for preparing reports. Begin the 
report with an abstract of from 45 to 55 words. 
The abstract should not repeat phrases em- 
ployed in the title. It should work with the 
title to give the reader a summary of the results 
presented in the report proper. 

Type manuscripts double-spaced and submit 
one ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to contrib- 
utors” [Science 125, 16 (1957)]. 


2036 


Reports 


tional procedure, have approximately 
the same probability of being gotten 
correct on the second trial as do all the 
items on trial one. In this sense, again, 
items which are practiced and missed 
are equivalent to new items. 

In the kinds of experiments men- 
tioned above, the previously missed 
pairs were presented and tested along 
with pairs which had been gotten cor- 
rect on earlier trials. It is pertinent to 
ask whether performance on the pre- 
viously missed pairs might be influenced 
by the context of “gotten-correct” pairs 
in such a way as to mask the effect of 
an increment to their associative 
strength which was gained during the 
previous, unsuccessful practice. A re- 
sult obtained by Dotson (5) strongly 
suggests that such an influence may 
exist. Dotson found that a greater num- 
ber of previous!y missed items are got- 
ten correct when they are presented in 
a list containing new items in place of 
previously correct items than when 
they are presented along with the pre- 
viously correct items. This occurs even 
though the number of unlearned items 
is Jess in the latter case. 

A simple test of this notion involves 
repeating the basic experiment designed 
by Rock but discarding the correct 
items after each trial instead of retain- 
ing them. Two experimental conditions 
are required. In one, condition A, the 
items presented on each trial are those 
missed by the subject on the preceding 
trial, while in the other, condition B, on 
each trial the subject is given new 
items equal in number to those missed 
on the previous trial. This paper reports 
two experiments, each of which applied, 
in turn, condition A and condition B. 
The two experiments differ in that 15 
items comprised the starting list in ex- 
periment 1 while 12 were used in exper- 
iment 2. Also, in experiment 2 the 
subjects were required to pronounce 
presented pairs, while in the first ex- 
periment no response was required. 

Items consisted of stimulus-response 
pairs of consonant-vowel-consonant 
nonsense syllables which were homo- 





geneous in association value. A pool of 
130 items was prepared on separate 
cards and a random set was selected 
for each subject at the beginning of his 
session. Each subject participated in 
only one experimental condition of one 
experiment. A total of 70 subjects were 
run, 15 per condition in experiment 1 
and 20 per condition in experiment 2. 

The data for both experiments are 
displayed graphically in Fig. 1, in which 
the cumulative percentage of correct 
items is plotted as a function of trials. 
In both experiments the percentage of 
correct items increases more rapidly 
for condition A, in which missed items 
were repeated on each following trial, 
than for condition B. 

The mean number of trials required 
to complete the task in experiment 1 
was 8.5 for condition A and 11.4 for 


condition B. A t-test of the significance . 


of the difference between these means 
yielded a t of 1.83, which has an asso- 
ciated probability between .10 and .05. 
The results of experiment 2 are more 
conclusive, the mean for condition A 
being 8.2 trials and that for condition 
B being 12.4 trials. In this case t is 3.3 
which is significant at better than the 
.01 level of confidence. 

As soon as each subject in experi- 
ment 2 had completed his main task by 
reducing the length of his list to zero, 
the 12 items which he had gotten cor- 
rect were shuffled and he was given a 
final test trial. For the subjects in both 
conditions each of these items had been 
responded to correctly once. The mean 
number of correct responses on this 
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Fig. 1. Percentage of items correct as a 
function of trials for experiments 1 and 2. 
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final test trial was 3.95 for condition A 
and 2.20 for condition B. The differ- 
ence is significant statistically, t being 
2.8: 

These results suggest that the very 
general conclusions formulated by Rock 
(J) are unwarranted. The logical de- 
sign of the present experiments differs 
from Rock’s only in that items are dis- 
carded as soon as they are responded 
to correctly. Under this condition the 
probability of responding correctly to 
a previously missed item is clearly 
greater than the probability of getting 
an entirely new item correct. It appears, 
from these data and from Dotson’s (5), 
that the difficulty of a previously missed 
item is greater in the presence of pre- 
viously correct items than in the pre- 
sence of unpracticed items or no other 
items. Therefore, until the necessary 
experiments have been done to control 
differential interactions among items, 
conclusions about the central theoreti- 
cal problem of the role of repetition in 
the formation of associative bonds can- 
not be made with confidence (6). 

ALFRED B. KRISTOFFERSON 
Department of Psychology, University 
of Cincinnati, Cincinnati, Ohio 
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Recommendations for the 
Nomenclature of Hemoglobins 


There is now general agreement on 
the naming of the peptide chains of the 
major components of normal adult and 
fetal hemoglobins as the a, B, and y 
chains; for example, adult hemoglobin 
is written as a:“f2* and fetal hemoglo- 
bin as as“y:". The superscripts A and 
F refer to the fact that the particular 
chain is the one found in the human 
adult and fetal hemoglobins. It is rec- 
ommended that this practice be con- 
tinued and that the symbols a, 8, and 
y, without superscripts, be reserved for 
those occasions when reference is be- 
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ing made to, for example, a chains in 
general. 

Information concerning the structure 
of the chains of hemoglobin A, is now 
sufficient to indicate that one of the 
chains is identical with the a* chain, 
whereas the second differs in a number 
of residues from the three foregoing 
chains. In addition, there is evidence 
(see, for example, /) to indicate that 
the genetic control of this unique chain 
is independent of the genes of the a, f, 
and y chains. It is therefore recom- 
mended that this chain be designated 
as 8“; Hb A: is then written as a2“82*2. 
Again, one could refer simply to $ 
chains in the general case. 

The simplest method of naming the 
tryptic peptides of a chain is to number 
them in the order in which they occur 
in the chain, beginning with the NH-- 
terminus. The symbol for the chain is 
included as a. part of the designation. 
The letters Tp are included to identify 
that these are the peptides obtainable 
by tryptic digestion. For example, the 
third tryptic peptide of the a chain 
would be aTplil in this system. Where 
a lysyl bond is not attacked under the 
conditions used, the symbol for the 
resultant “dipeptide” or “double pep- 
tide” would contain the numbers ap- 
propriate to both tryptic peptides, for 
example aTpI,IJ. From the published 
structure of the a@ and 8 chains (2) 
and from the amino acid composition, 
it is evident that the a@ chain will 
contain the tryptic peptides aTpI to 
aTpXIV and the B chain the tryptic 
peptides BTpI and BTpXV. It so hap- 
pens that the tryptic “peptides” aTpVIII 
and BTpVIII are lysine. In addition, 
the present methods of tryptic cleavage 
do not break the bond separating the 
expected tryptic peptides aTpXII and 
aTpXIII, nor the bond between the ex- 
pected peptides BTpX and BTpXI. In 
view of the possibility that these bonds 
might be split in some experiments at 
a later date, it is felt that the number- 
ing system should correspond with the 
theoretical number of tryptic peptides. 

When the complete sequence of the 
chains is determined beyond question 
and is published, then a more specific 
designation involving residue numbers 
should be adopted. Thus, BTpI can be 
designated as BTp1-8. 

An ideal nomenclature system for 
the abnormal hemoglobins would pro- 
vide for adequate designation of the 
chemical structure at each stage of the 
investigation. The following system is 
an attempt to meet this requirement. 


When only the chain in which the 
abnormality resides is known, then the 
hemoglobin may be written as a:“g:*, 
or a2*B2"runjav, When the abnormality 
has been located in a particular tryptic 
peptide, as by fingerprinting, then the 
designation should be, for example, 
a:“B.""", When the amino acid compo- 
sition of the tryptic peptide indicates a 
particular amino acid substitution, then 
this will be indicated as a.*B.7"(¢"— "*) 
for Hb S. Finally, when the amino 
acid interchange has been located at a 
particular residue position in the chain, 
the fully descriptive formula, as in the 
case of Hb S, would be in the form: 
a2“B.*"". 

Presumably, for use in formulas de- 
scribing experiments such as reassocia- 
tion, it will be necessary to define in a 
given paper a one-letter designation 
for a particular hemoglobin. For ex- 
ample, the formula a:'8:*° could be 
used, provided that wherever possible 
the individual hemoglobins have been 
defined, as, for example, Hb I as 
a."“*?B.* and Hb S as a:*B:""". - 

It is strongly urged that no further 
letters be assigned to abnormal hemo- 
globins. Newly discovered hemoglobins, 
prior to their chemical identification, 
should be known by the letter designa- 
tion of the previously described hemo- 
globin whose electrophoretic mobility 
they most nearly resemble. To the letter 
should be attached a subscripi indicat- 
ing the geographic origin of the new 
hemoglobin. 

Proposals similar to the above origi- 
nated during the Hemoglobin Structure 
Workshop held in Boston, 14-16 De- 
cember 1960. These proposals have 
been modified at the suggestion of other 
workers in the protein structure field. 
In their present form they represent a 
compromise between the views of these 
two groups (3). 

P. S. GERALD 

Children’s Hospital Medical Center, 
and Harvard Medical School, 
Boston, Massachusetts 

V. M. INGRAM 
Division of Biochemistry, Department 
of Biology, Massachusetts Institute of 
Technology, Cambridge 
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Demonstration of a Hypocalcemic 
Factor (Calcitonin) in 
Commercial Parathyroid Extract 


Abstract. Intravenous injection of com- 
mercial parathyroid extract into fasted 
dogs resulted in a transient hypocalcemia. 
The plasma calcium fell 0.40 to 0.65 
mg/100 ml withir 20 minutes and then 
rose in the characteristic response to the 
parathyroid hormone. The hypocalcemic 
response was similar to that ascribed to 
the recently reported hormone “calcito- 
nin,” and the data suggest that the extract 
may contain both. 

In 1925, Collip (1) prepared a rela- 
tively crude acid extract of beef para- 
thyroid which was physiologically ac- 
tive and raised the level of blood 
calcium in parathyroidectomized dogs. 
The parathyroid hormone responsible 
for this action has recently been iso- 
lated as a pure protein (2). In studies 
on humoral control of parathyroid 
function (3), evidence was obtained 
of another hormone in the parathyroids, 
“calcitonin” (4), which causes a prompt 
but transient fall in plasma calcium. It 
is apparently released from the glands 
when they are perfused with blood con- 
taining higher than normal concentra- 
tions of calcium. 

The experiment reported here was 
carried out to determine whether simi- 
lar activity might be demonstrated in 
the relatively crude commercial para- 
thyroid extract. The dogs used were fed 
a low calcium diet for at least 4 days 
before the test and were fasted over- 
night. Under Nembutal anesthesia, 
blood samples were collected at 15- 
minute intervals for a 2-hour control 
period, and at 10-minute intervals for 
the first half hour after injection of the 















Com % 
u 
Porathyroid 
Extroct 
1000 LU 
or was) 
a 
10 ” 
High Calcium 
Porathyrod J 
Pertusote 
94 
‘a 
2 -t +1 2 
Time m Hours 


Fig. 1. Change in plasma calcium after 
intravenous injection of 1000  interna- 
tional units (I.U.) of extract (solid line) 
compared with that after intravenous in- 
jection of 50 ml of plasma from perfu- 
sion of the isolated parathyroid with 
high calcium blood (dashed line) (6). 
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commercial parathyroid extract (5). A 
dose of 300 to 1000 international units 
was given to the dogs by intravenous 
injection over a period, of less than a 
minute. Plasma calcium was determined 
by photometric titration with ethylene- 
diaminetetraacetic acid. Duplicate sam- 
ples checked within +0.05 mg/100 ml, 
and the plasma calcium level during the 
control periods was remarkably con- 
stant. In seven dogs, the plasma cal- 
cium fell promptly after injection of the 
extract, the greatest fall (—0.40 to 
—0.65 mg/100 ml) being observed after 
20 minutes. This was followed by the 
usual rise in plasma calcium character- 
istic of the action of parathyroid hor- 
mone. A typical response is shown in 
Fig. 1, where it.is compared to the 
response obtained after injection of 
plasma from a high calcium parathy- 
roid perfusate which presumably con- 
tains calcitonin (6). It will be noted 
that the two are very similar. The data 
suggest that commercial parathyroid 
extract may contain both parathyroid 
hormone and calcitonin activity. 

It is interesting to recall that the rela- 
tively crude early preparations of in- 
sulin gave a transient hyperglycemic 
effect which was later found to be 
caused by glucagon, a short-acting hor- 
mone from the pancreatic islets with 
the opposite effect on blood sugar to 
that of insulin (7). 

It is not surprising that this transient 
hypocalcemic effect has been previous- 
ly overiooked. Until recently, parathy- 
roid extract was usually given subcu- 
taneously or intramuscularly; blood 
calcium was determined hourly; and 
calcitonin was unsuspected. Its presence 
in commercial parathyroid extract 
should facilitate the isolation of the 
new hormone (8). 

D. Haroip Copp 
E. C. CAMERON 
Department of Physiology, 
University of British Columbia, 
Vancouver, Canada 
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A Pollen Profile from 
the Grassland Province 


Abstract. Hackberry Lake near Valen- 
tine, Nebraska, has deposited about 5 me- 
ters of sediment in little more than 5000 
years. Its ‘mass pollen spectrum shows 
over 50 percent grass and about 12 per- 
cent tree pollen, but the mass spectrum 
for the lowest meter shows less than 30 
percent grass and over 20 percent tree 
pollen. This suggests a cooler and more 
humid climate at inception of the lake 
than later, and raises interesting ques- 
tions requiring further research. 

In January 1959 William N. Irving, 
Lee G. Madison, and I visited a num- 
ber of places in the Nebraska Sand- 
hills and took cores through the ice 
in three lakes for pollen analysis. My 
two companions were from the Lin- 
coln office of the Missouri Basin 
Studies of the Smithsonian Institu- 
tion (J). 

The purpose of our collecting was 
to investigate the sedimentary record 
of vegetation change in the area. The 
Sandhills (2), some 20,000 square miles, 
lie mostly north of the 41st parallel 
and west of the 100th meridian, al- 
though extending east to the 98th. 
Thus they are well inside the grass- 
land formation (which has been called 
the most extensive and varied climax 
in the United States (3). Although 
the “origin” of the grasslands has long 
been a subject of lively discussion (4), 
their history is little known as com- 
pared with that of the northeastern for- 
ests and southwestern deserts. Yet lying 
as they do between these two extremes, 
athwart the major Pleistocene climatic 
gradient, the North American grass- 
lands must have responded sensitively 
to climatic changes in the past, as 
they still do to changes of lesser mag- 
nitude (5). 

A record of these responses would 
have value not only for biology, but 
for archeology, geology, climatology, 
and other fields. Lane’s excellent study 
(6) of a bog in northern Iowa shows 
a rapid shift from early postglacial 
conifer forest to savanna and/or 
prairie, twice interrupted by xeric 
conditions. .Voss’s work (7) in Lake 
County, Illinois, meeting place of coni- 
fer, deciduous, and prairie vegetation, 
shows only the early shift from coni- 
ferous to deciduous forest and no 
change thereafter. But he reports no 
herbaceous pollen, a circumstance we 
are now prepared to investigate from 
recent collections in the area. 

Between these two sites and the arid 
basins of New Mexico there is a hiatus 
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in our data which must be filled, if 
at all, by analysis of lake sediments, 
since the area does not favor peat 
formation. Except for temporary playas 
and artificial lakes, the lakes of the 
Nebraska Sandhills are about the only 
ones. 

Short cores were obtained from 
Roundup Lake (144 acres, elevation 
3801 feet) and Crane Lake (128 acres, 
elevation 3796 feet). Both are on the 
Crescent National Wildlife Refuge, 
Nebraska, at about lat. 41°45’N, long. 
102°25’W. A longer core was secured 
from Hackberry Lake (680 acres, eleva- 
tion 2923 feet) within the Valentine 
National Wildlife Refuge at about lat. 
42°35’N, long. 100°40’W. Hackberry 
Lake is thus about 92 miles further 
east, 68 miles further north, and about 
875 feet lower than Crane and Round- 
up lakes, which are closer to the Rocky 
Mountain foothills. 

The advantage of using the ice as 
a stable platform was offset by a com- 
bination of near-zero weather, strong 
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Hig. 1. Generalized pollen profile, Hack- 
terry Lake. Vertical hatching, tree pollen; 
stippling, sedge and aquatic pollen; hori- 
zontal hatching, grass pollen; clear space, 
Ambrosia, Artemisia, and Compositae 
pollen. 
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Fig. 2. Mass pollen spectra. The total width of each column represents 50 percent. H 0-5, 
Hackberry Lake, all depths; H 4—5, Hackberry Lake, lowest meter; C, Crane Lake; R, 
Roundup Lake. Other abbreviations: Decid., deciduous; AP, tree pollen; Gram., 
Graminaceae; Amar,. Amaranth; Artem., Artemisia; Comp., Compositae. 


winds, and equipment trouble that pre- 
vented complete recovery, only a por- 
tion of each meter of sediment being 
secured. Samples were prepared at 10- 
cm intervals by Srta. Bopp-Oeste at 
the Yale pollen laboratory and counts 
were made by: me. The profile from 
Hackberry Lake, somewhat general- 
ized, is shown in Fig. 1. Vertical hatch- 
ing indicates forest; stippling, sedge 
and water plants; horizontal hatching, 
grass pollen; and clear space, the sum 
of Ambrosia, Artemisia, and other 
Compositae. Two dates, furnished 
through the courtesy of M. Stuiver of 
the Yale geochronometric laboratory, 
are as follows (in years before the 
present): 


Y911 (at 1.5 m): 1110 + 75 years B.P. 
Y912 (at 4.5 m): 5040 + 95 years B.P. 


The 4.8 meters of sediment lie un- 
der 1 meter of water and over blue 
sand. The sediment itself is brown 
ooze (gyttja), shelly below 2 meters, 
sandy below 3, with an average rate 
of accumulation obviously about 1 
meter per 1000 years. The most strik- 
ing feature is, of course, the minimum 
of grass and maximum of forest in 
the 5th meter; another is the tendency 
of the Amaranth-Artemisia~-Compositae 
complex to vary directly with the for- 
est complex. Incidentally, more than 
half of the forest pollen is pine, an 
entrant from the western foothills (/). 

Figure 2 presents mass pollen spec- 
tra, averaging the totals from all 
depths. The top line of bars gives the 
spectrum for all depths of Hackberry 
Lake; the next below gives the mass 
spectrum for the 5th meter only. The 
third line down (C) shows the mass 
spectrum of Crane Lake; and the fourth 
line (R), of Roundup Lake. Clearly 
meter 4-5 of Hackberry Lake has 
much in common with the more west- 


ern and more elevated lakes, suggest- 
ing somewhat cooler conditions and 
more available moisture (8) than at 
later stages. In this respect it agrees 
with the dated Michillinda profile (9) 
of about 5000 years B.P. as well as 
with other reports of a humid inter- 
lude in the generally warm and dry 
postglacial. The corresponding humid 
Atlantic of Europe is believed to have 
been warm. In America it may have 
been cool, a subject for further investi- 
gation. 

Of geological interest is the fact that 
the basin of Hackberry Lake, lying in a 
dune country, must have been formed 
before 5000 years B.P. and begun 
to fill about that time. Dune and pan 
topography results from wind ac- 
tion on a sandy surface not pro- 
tected by a heavy vegetative cover, 
but basins can be formed either by 
scooping out of sand (blowouts) or by 
the blocking of drainage channels by 
drifting sand. Was this Sandhill topog- 
raphy shaped during the Wisconsin 
or in the arid period subsequent to 
the Valders, about 10,000 years B.P.? 
Was the creation of a lake within the 
basin by a rise in groundwater level 
due primarily to the humid interlude 
about 5000 years B.P. or to more com- 
plex and obscure causes? And finally, 
will it be possible, by a meticulous study 
among the more than 400 lakes in the 
Sandhill area, analyzing their sediments 
at close intervals and securing critical 
dates, to establish the pattern of cli- 
matic fluctuations of various ranks that 
continue to be of such great signifi- 
cance to the ecological interpretation 
of the grassland province and to its 
economy? 

PauL B. SEARS 
Osborn Botanical Laboratory, 
Department of Botany, 
Yale University, 
New Haven, Connecticut 
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Disinhibition of Inhibitory 
Conditioned Responses following 
Selective Brain Lesions in Dogs 


Abstract. Discrete lesion of the genual 
portion of the anterior cingulate gyrus 
in three dogs produced temporary dis- 
inhibition of preoperatively trained in- 
hibitory food conditioned responses. This 
disinhibition was accompanied by increase 
in general behavior motivated by food 
reinforcement. Lesion of the posterior 
cingulate gyrus in three other dogs did 
not produce such impairment. 


It has been reported that a pre- 
frontal lobectomy anterior to the pre- 
sylvian sulcus in dogs produced an 
increase in some positive conditioned 
responses (CR’s) and temporary disin- 
hibition of inhibitory food and drink as 
well as classical defensive CR’s (that is, 
fear-like responses). Furthermore, 
marked increase in emotionality and 
in the unconditioned responses was 
noticed (7). It was also found that 
if the lesion extended into the depth of 
the prefrontal lobe and involved the 
cortex in front of the genu of the cor- 
pus callosum the impairment was even 
more, conspicuous. Hence the proba- 
bility arises that the genual portion of 
the anterior cingulate area is one of 
the critical forebrain regions for the 


inhibition of some affective responses. 
A second report dealt with dogs’ in 
which, following genual cingulectomy, 
violent rage and angry behavior oc- 
curred (2). This evidence also indi- 
cates that the genual area serves to in- 
hibit some of the major emotions. To 
verify this hypothesis with measurable 
methods the CR procedure was used. 
The present report describes a series 
of experiments which were carried out 
under food conditions. 

Six naive dogs were used. All ani- 
mals were trained in a _ Pavlovian 
frame. The animal’s task was to place 
his right foreleg on the food tray to 
get a food reinforcement whenever the 
excitatory (positive) conditioning stim- 
ulus (CS), a 1000-cy/sec tone, was 
used, and to refrain from this response 
when hearing the inhibitory (negative) 
CS, a 700-cy/sec tone. During the 
preliminary training, which consisted 
of 30 daily trials, either the positive 
CS was not followed by food or, on CS, 
the experimenter put the animal’s leg 
on the food tray, whereupon the food 
was presented. These two types of 
training trials occurred at random. 
With time the animal responded to the 
positive CS actively and received food. 
As soon as the active CR occurred in 
30 consecutive trials, the inhibitory CS 
was introduced which was never fol- 
lowed by food. From then on 15 posi- 
tive and 15 negative trials, separated 
by 15-second intervals, were presented 
in balanced order daily. An error was 
defined as failing to place the leg on 
the food tray when the positive CS 
sounded, or placing the leg on the food 
tray during the 5 seconds that the nega- 
tive CS sounded. 

Preoperatively, the animals were 
trained to a criterion of 45 correct 
responses in 50 successive inhibitory 
trials. After attaining this criterion all 
animals were subjected to bilateral, 
one-stage resections. Three dogs rfre- 


Table 1. Scores of pre- and postoperative trials and errors including the criterion (45 cor- 


rect CR’s in 50 inhibitory trials). 

















Preoperative Postoperative 
a Trials Errors in Trials Errors in 
and * sh a a 
Boo nl Beck tah: ee Exch «= Inhib- Sy hay 
— ny trials trials wie my trials trials 
Genual 
Dog-23 330 330 0 208 115 115 1 33 
Dog-24 290 290 6 188 225 225 2 4 
Dog-25 420 420 14 305 265 265 5 73 
Posterior cingulate 
Dog-26 420 420 5 291 50 50 3 5 
Dog-27 295 295 0 171 55 35 0 7 
Dog-28 435 435 0 273 50 50 0 3 
2040 





Fig. 1. Medial surface of the dog’s brain. 
The lesion of the genual area is shown in 
black. The lesion of the posterior cingu- 
late area is shown by hatching. G, the 
genu of the corpus callosum; BO, the 
olfactory bulb; FC, the cruciate fissure. 


ceived rostral cingulate lesions which 
involved the cortex immediately above 
and in front of the genu of the corpus 
callosum, that is, the regio genualis or 
the precallosal sector of the cingulate 
gyrus according to Yakovlev et al. 


(3). It was similar to the lesion that’ 


produces angry behavior (2), but it 
was not extended as far ventrally (see 
Fig. 1). Three other dogs received the 
posterior cingulate lesion which in- 
cluded all cortex between the medial 
subdivision of the cruciate fissure (if 
it had been extended downwards to 
the corpus callosum) and the splenium. 
The histological analysis of the brains 
will be reported elsewhere. Gross veri- 
fication revealed that the lesions were 
as accurate as attempted. 

The postoperative results of both 
animal groups are presented in Table 
1. After ablation, all animals with 
lesions in the genual area showed an 
impairment in the inhibitory trials, that 
is, they were disinhibited. To attain 
the same criterion as before operation 
-ney had to be retrained for 4 to 15 
days. The behavior of animals with 
posterior cingulate lesions was net im- 
paired postoperatively. 

Two dogs with genual lesions exhib- 
ited rage occasionally. However, in con- 
trast with dogs with genual lesions pre- 
viously described (2) angry behavior in 
these dogs disappeared very soon. This 
was because of the intentional differ- 
ence in the extent of the genual lesions 
in the two sets of dogs, which was cal- 
culated to avoid rage in the animals 
used in this experiment. It seems that 
the cortical area which suppresses the 
angry behavior in dogs is located rostral 
to the genu of the corpus callosum and 
extends ventrally towards the postero- 
medial portion of the subproreal region. 
The latter is in turn the area which, 
‘when undercut, “releases” rage in cats 
(4). 


Neither septal nor subcallosal areas 
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were destroyed in our dogs. Brady and 
Nauta (5), and King (6) have pointed 
out that lesions of the septal region 
produce dramatic changes in emotion- 
ality. However, it appears from some 
reconstructions of the lesions described 
by them that the most striking hyper- 
emotionality occurs when the destruc- 
tion extends anteroventrally, including 
the regio genualis and parts of the sub- 
proreal area in addition. 

Within the first postoperative days 
all animals with genual lesions showed 
increase in responses motivated by 
food reward. They appeared to expect 
food with both the positive and the 
negative CS, and took the food reward 
more vigorously than before. It is inter- 
esting to note that ablations of the 
medial precruciate (7) or pregenual 
(8) regions also impair the inhibitory 
food CR’s. McCleary (9) has reported 
that subcallosal lesions “disrupt normal 
performance under circumstances re- 
quiring a frightened animal to inhibit 
responding.” However, McCleary’s sub- 
callosal lesions included the regio 
genualis as well. 

Recent evidence of Auleytner and 
Brutkowski (see J), indicating that 
dogs with prefrontal lobectomies tem- 
porarily lose their ability to inhibit the 
classical defensive CR’s irained prior 
to operation, suggests that the medial 
forebrain areas in the dog (which seem 
to be homologous to the orbital areas 
in the monkey) are concerned with 
suppression of different kinds of mo- 
tivated and affective responses mediated 
by hypothalamic mechanisms. Also 
parts of the amygdala appear to be in- 
volved in this system (J0). 

STEFAN BRUTKOWSKI 
EUGENIUSZ MEMPEL 
Nencki Institute of Experimental 
Biology, Warsaw, Poland 
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Toxohormone-like Factor 
from Microorganisms with 
Impaired Respiration 

Abstract. A substance that significantly 
depresses liver catalase values when in- 
jected into mice has been isolated from 
biochemical mutants of yeasts and staphy- 
lococci with impaired respiration. This is 
considered as an important argument in 


support of the Warburg hypothesis on the 
origin of cancer cells. 


Biochemical studies by Warburg (/) 
in the last 30 years led him to the con- 
clusion that transformation of a normal 
cell into a malignant one may be the 
result of irreversible damage to the cel- 
lular respiratory mechanism. This res- 
piration deficiency, typical of cancer 
cells, can be induced in microorganisms. 
If the Warburg hypothesis is true, mi- 
crobial mutants with impaired respira- 
tion would be the “equivalents,” among 
microorganisms, of cancer cells (see 
2), and their biochemical characters 
would agree with those of malignant 
cells. 

Such a _ biochemical resemblance 
seems to be confirmed by studies on 
some of the most important biochemical 
features of respiration-deficient micro- 
organisms (2, 3). 

As a continuation of that line of 
research, we investigated whether mi- 
croorganisms with impaired respiration 
produce certain toxic metabolites like 
those produced by cancer cells: sub- 
stances such as the toxohormone of 
Nakahara and Fukuoka (4), a factor 
which depresses liver catalase. 

The production of toxohormone-like 
substances by respiration-deficient mu- 
tants of microorganisms would indicate 
that these mutants are “equivalents” of 
cancer cells. Such production would be 
an important argument in support of 
the Warburg hypothesis on the origin 
of cancer cells. 

Five different yeast mutants with im- 
paired respiration and two staphylococci 
mutants were used in the experiments. 
The yeast mutants were obtained from 
a parent strain of Saccharomyces cere- 
visiae by treatments with Trypaflavin 
(2) (T: and T, mutants), manganese 
(5) (Mnz and Mn; mutants), and 
methyl violet (6) (MV: mutant). The 
mutants were selected by the tetra- 
zolium overlay technique (7). They 
had the following characteristics: Qo, 
(N) between 0 and 50; inability to 
grow on lactate agar; uncolored col- 
onies after overlay with 2,3,5-triphenyl- 
tetrazolium chloride; and no alkali pro- 
duction in an acetate medium (8). 

The staphylococci mutants were ob- 


tained from a parent strain of Staphylo- 
coccus aureus by irradiation with ultra- 
violet (UV; and UV, rautants). They 
had a Q, about 45 percent of that of 
the parent strain, and their respiration 
was only slightly depressed by 0.02M 
sodium cyanide. 

To obtain cell mass, mutants and 
parent strains were grown for 72 hours 
in 10-liter fermenters with aeration and 
stirring. Yeasts were grown in beer 
wort at 30°C. Staphylococci were 
grown in peptone-meat extract saline 
broth at 37°C. Cells were recovered by 
centrifugation, dried with acetone, and 
powdered. 

One hypothetical toxohormone-like 
fraction (TH) was obtained from ace- 
tone-dried powder of each strain by 
the Yunoki-Griffin technique (9) for 
preparation of crude toxchormone from 
malignant tissues; about 1.50 g were 
obtained from 50 g of acetone-dried 
powder. 

Activity was assayed by injecting 
preparations of the toxohormone-like 
fractions into mice and measuring the 
liver catalase activity. Toxohormone- 
like fractions were dissolved in distilled 
water in a concentration of 50 mg/ml. 
For the assay 0.5 ml of the solution 
was injected into the peritoneal cavity. 
After a single injection the mice were 
deprived of food for 24 hours and then 
killed. Liver catalase activity was deter- 
mined by the technique of Bonnichsen 
et al. (10) and expressed in terms of 
the reaction rate per minute, divided 
by the dry weight of the preparation in 
grams (//). 

Table 1 shows the liver catalase 
activity for mice injected with 25 mg 


Table 1. Liver catalase values in mice injected 
with toxohormone-like fractions (TH) from 
Saccharomyces cerevisiae and Staphylococcus 
aureus and from their mutants with impaired 
respiration. The liver catalase activity, Kat. f., 
is the reaction rate per minute, divided by the 
dry weight of the preparation in grams. 








Liver 
No. of catalase 
Treatments mice activity 
(Kat. f.) 
None; mice fasted for 
24 hours 110 Tad SEF 
25 mg of TH from: 
S. cerevisiae 
Parent strain 20 70.0 + 7.2 
Mutant T; 10 43.9 + 10.1* 
Mutant Ts 10 38.6 = 5.7* 
Mutant Mn2 10 49.4 + 3.1* 
Mutant Mn; 10 444+ 3.9* 
Mutant MV2 10 35.6 = 9.9* 
S. aureus 
Parent strain 20 69.8 = 2.7 
Mutant UVs 10 $3.1 =~ 3.0* 
Mutant UV. 10 49.8 = 3.2* 





* Significantly different from untreated mice (P < .01). 
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of different toxohormone-like fractions 
and for untreated mice. 

Toxohormone-like fractions from mu- 
tants significantly reduced liver catalase 
values when injected into mice, whereas 
catalase values were not significantly 
altered in mice that were injected with 
toxohormone-like fractions from parent 
strains of the microorganisms. 

From these results it can be assumed 
that respiration-deficient mutants of 
microorganisms, at least in some species, 
produce a toxohormone-like factor or 
catalase-depressing factor which has the 
same effect as substances produced by 
cancer cells. 

V. CALLAO 
E. Monroya 
Department of Microbiology, 
Estacién Experimental del Zaidin, 
Granada, Spain 
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Species Differentiation in Fish 
by Electrophoretic Analysis of 
Skeletal Muscle Proteins 


Abstract. Extracts of skeletal muscle 
protein from ten species of the fresh-water 
sunfish family were examined by the elec- 
trophoretic technique, and the resulting 
patterns showed characteristic specificity 
in each instance. Usually three major com- 
ponents of greater mobility were accom- 
panied by slower moving minor com- 
ponents. No uniformity of mobility or of 
proportion of protein was evident. Thus 
patterns that “fingerprint” the species are 
evident. 


The moving-boundary method of 
electrophoresis was adapted by Connell 
(J) to the analysis of skeletal-muscle 
proteins of fish. In analyses of 20 spe- 
cies he found a very characteristic elec- 
trophoretic pattern for each species, as 
well as considerable differences in com- 
ponent mobilities and composition. 
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Much additional information about pro- 
teins of fish has been reviewed . by 
Hamoir (2). We have extended the 
same method of skeletal-muscle-protein 
analysis to several families, genera, and 
species of fish native to the Great Lakes 
region in Michigan. In this work we 
have sought to ascertain whether this 
procedure might provide another phys- 
icochemical means of distinguishing 
taxonomic differences. 

The fish in this study, with the ex- 
ception of the white crappie (Pomoxis 
annularis), were captured during sum- 
mer months from lakes and streams in 
the vicinity of the W. K. Kellogg Gull 
Lake Biological Laboratory near Battle 
Creek, Michigan (3). Shortly after cap- 
ture, specimens were placed in a deep- 
freeze unit and stored until the analysis 
was to be made. To prepare the sample 
for electrophoresis, each specimen was 
thawed sufficiently to permit easy re- 
moval of the skin, and with the aid of 
a scalpel about 20 g of skeletal muscle 
was removed from a region just ventral 
to the dorsal fin. The muscle was thor- 
oughly mixed in a Waring blender, at 
room temperature, with 20 ml of buffer 
composed of 0.0156M Ma:HPO: and 
0.0035M KH:PO: at pH 7.5 and ionic 
strength of 0.10. The mince was al- 
lowed to settle, and a portion of the 
supernatant was decanted, placed in a 
15-ml centrifuge tube, and clarified for 
15 minutes at 1500 rev/min in an In- 
ternational Clinical Model centrifuge. 
The sample was then dialyzed for a 
12-hour period against the buffer de- 
scribed, and electrophoresis was carried 
out in the Perkin-Elmer model 38 Tis- 
elius apparatus. All runs were carried 
out at ice-water temperature for 6300 
seconds, under a potential gradient of 
8.5 volt/cm. The protein concentration 
was maintained between 1 and 1.5 per- 
cent, and a 2-ml conductivity cell (con- 
stant = 0.4893) was used to measure 
the resistance of the dialyzed protein 
samples at ice-water temperature. 

The electrophoretic patterns obtained 
from ten species representing six genefa 
of the family Centrarchidae, the fresh- 
water sunfish family, are shown in Fig. 
1. These patterns show a great diversity 
in number and location of components 
as well as nonenantiography between 
the ascending and the descending 
boundary curves. Electrophoretic mo- 
bilities of the discernible peaks averaged 
from the ascending and descending pat- 
terns clearly showed further differentia- 
tion between the species. While some 
minor components may be barely dis- 
tinguishable, the electrophoretograms 





are typical for the species considered, 
and runs made on other individuals of 
the same species always give the same 
pattern. 

There is an overall similarity in the 
electrophoretograms of Fig. 1 in that 
several major components (usually 
three) are present in the middle or 
leading range of the patterns. Each pat- 
tern is made up of a set of component 
mobilities different from those of any 
other pattern. This variation, which ac- 
cording to Hamoir (2) characterizes 
muscle extract from other species of 
fish, is very evident for the centrarchid 
species studied in this work. Although 
these protein extracts consist principal- 
ly of enzymes that have the same func-, 
tions in muscle glycolysis, the electro- 
phoretic specificity of the extracts is 
pronounced. The patterns are quite 
similar to those of marine species, as 
given by Connell (7), with respect to: 
the major components but differ in 
kind and proportion for the minor ones. 

The minor components in the pat- 
terns of Fig. 1 seem to exist in the 
more slowly moving region and appear 
too ill-defined to warrant any special 
designation. Only the patterns for the 
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Largemouthed bass 
Huro salmoides 


Northern bluegill 
Lepomis m. macrochirus 


Pumpkinseed 
Lepomis gibbosus 


Smalimouthed boss 
Micropterus d, dolomieu 


Northern rock boss 
Ambloplites r. rupestris 


Block crappie 
Pomoxis nigro-moculotus 


White crappie 
Pomoxis annularis 


Green sunfish 
Lepomis cyaneitus 


Long-eared sunfish 
Lepomis megalotis peltastes 


Fig. 1. Characteristic electrophoretic pat- 
terns of skeletal muscle proteins from ten 
species of fresh-water sunfish (family Cen- 
trarchidae). Patterns at left, ascending; at 
right, descending. 


Wormouth bass 
Chaenobryttus coronarius 
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northern bluegill and the black crappie 
indicate the possible presence of a mi- 
nor component of greater mobility than 
the major components. The extremely 
characteristic specificity of the electro- 
phoretic patterns for each of the species 
included in this study also corroborates 
the observation of Connell (/) that the 
electrophoretic method of analyzing 
the muscle protein of fish may be a 
means of “fingerprinting” any species. 
We have noted some evidence (not in- 
cluded in this report) that differentia- 
tion of a taxonomic category of sub- 
species may be possible. 

In addition, the eletrophoretic meth- 


| od of analysis can be used in fish hy- 


bridization studies, in studies of phy- 
logeny, and—to cite a very practical 
application—in connection with game 
enforcement procedures to prove illegal 
possession of fish fillets. 
H. A. LILLevik 

Kedzie Chemical Laboratory, 
Department of Chemistry, 
Michigan State University, East Lansin 

C. L. SCHLOEMER 
Department of Natural Science 
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Synergism of Malathion 
against Resistant Insects 


Abstract. Several tris-substituted deriva- 
tives of phosphoric acid synergized the 
toxicity of malathion to resistant houseflies 
and mosquitoes. In some tests it was pos- 
sible to overcome acquired resistance com- 
pletely. The synergists had much less 
effect on the toxicity of malathion to sus- 
ceptible strains of the same species. 


Studies with mammals have shown 
that the toxicity of malathion (/), one 
of the safest of insecticides, can be 
increased by simultaneous administra- 
tion of, or prior treatment with, a 
number of organic phosphates. Thus, 
the potent insecticide EPN (2) syner- 
gizes malathion against mammals (3), 
as does the noninsecticide tri-o-cresyl 
phosphate (4). With both compounds 
it is known that the effect of their syner- 
gizing action is to block the degradation 
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Table 1. The effect of some synergists on the toxicity of malathion to susceptible and resistant house- 


flies and mosquitoes. 





Toxicity (LCso in wg per jar) 














Ratio of 
insecticide Houseflies Mosquitoes 
to synergist 
Resistant Susceptible Resistant Susceptible 
Malathion only 
1800 17 2.4 0.025 
Malathion plus triphenyl phosphate 
1:1 80 17 0.024 .016 
1:10 50 25 025 .022 
Malathion plus tributyl phosphorotrithioate 
1:1 25 9 .030 .014 
1:10 20 10 .014 010 
Malathion plus tributyl phosphorotrithioite 
: . 40 12 025 .014 
1:10 ¥ 18 13 015 .018 





of malathion through carboethoxy ester 
hydrolysis (5). 

The effect of a series of phenyl phos- 
phorus materials on the toxicity of 
malathion to mice has been investigated, 
and a correlation between the ability to 
synergize malathion and the ability to 
inhibit ali-esterase activity has been 
demonstrated (6). Recent work has 
shown that resistance to organophos- 
phates in insects is associated with a 
decline in ali-esterase activity and a 
change in the nature of the ali-esterase 
from an enzyme (or enzymes) inhibited 
by organophosphates to an enzyme (or 
enzymes) capable of degrading them 
(7). These findings prompted us to 
investigate the possibility that acquired 
resistance to malathion in insects might 
be overcome through use of ali-esterase 
inhibitors. Experiments were conducted 
with several tris-substituted aromatic 
and aliphatic derivatives of phosphoric 
acid which are known to be ali-esterase 
inhibitors. 

For these experiments 2- to 4-day-old 
adult female houseflies, Musca domes- 
tica L., of a malathion-susceptible (Or- 
lando Regular) colony and a malathion- 
resistant (Grothe) colony were used. 
The mosquitoes used were fourth-instar 
larvae of a susceptible and a malathion- 
resistant strain of Culex tarsalis Coq. 
In the tests with flies, groups of 20 
adult females were exposed to films of 
the insecticide with or without synergist 
in 1-pint glass jars. Mosquito larvae 
were tested by placing groups of 20 in 
250 ml of water in glass jars containing 
the toxicants. In all tests mortality 
determinations were made 24 hours 
after initial exposure to the toxicant. 

Technical-grade malathion of more 
than 90 percent purity was used in 
these studies. The synergists were 
samples of commercially available ma- 
terials (8). The materials were tested 
on a weight-to-weight basis. 


The results of experiments with sev- 
eral of the most effective synergists are 
presented in Table 1. -As shown by 
the data, the synergists reduced the re- 
sistance to malathion of flies of the 
Grothe colony from about 100-fold to 
less than 5-fold. None of the synergists 
tested increased the toxicity of mala- 
thion to flies of the susceptible colony 
by as much as a factor of 2. In tests 
with mosquito larvae the same syner- 
gists completely overcame the 100-fold 
resistance. As with the flies, the syner- 
gists failed to produce striking increases 
in toxicity to larvae of the susceptible 
colony. 

At present the effect of the synergists 
is not fully understood. All the syner- 
gists are known to be inhibitors of ali- 
esterase activity in flies and mosquitoes 
under both in vivo and in vitro condi- 
tions. They also synergize the toxicity 
of malathion to mammals (9). 

Preliminary studies have indicated 
that the synergists inhibit the degrada- 
tion of malathion by mosquito larvae. 
The most logical explanation is that the 
synergists inhibit the ability of the in- 
sects to degrade malathion by cleavage 
of the carboethoxy ester linkages. Both 
houseflies and mosquitoes are known to 
degrade malathion partially through 
hydrolysis of these bonds, and with 
Culex tarsalis, increased ability to de- 
grade through carboethoxy ester hy- 
drolysis is known to be a factor in 
resistance (/0). 

The results provide evidence that, at 
least in certain cases, acquired resist- 
ance to organophosphate insecticides 
can be overcome through selective in- 
hibition of degradation mechanisms 
with noninsecticidal compounds. 

FREDERICK W, PLappP, JR. 
GalnEs W. Eppy 
Entomology Research Division, 
U.S. Agricultural Research Service, 
Corvallis, Oregon 
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Flower Initiation in Excised 
Stem Disks of Wedgwood Iris 


Abstract. The presence of substances 
promoting flower induction was demon- 
strated in both scales and buds of Wedg- 
wood iris. The flower-inducing extracts of 
buds appear to contain gibberellin-like 
compounds. 


In the study of flower-initiation phe- 
nomena, more and more use is being 
made of the technique of aseptic cul- 
turing both of whole plantlets (J) and 
of isolated buds (2). However, until 
now only the physiology of flowering 
of dicotyledons, and in particular of 
those sensitive to the length of the day, 
has been studied in this way. For a 
variety of reasons a day-neutral, mono- 
cotyledonous plant—the iris cultivar 
Wedgwood—was chosen as the test 
material in the study reported here. 

The bulbs of Wedgwood iris are 
lifted at the end of August. They arrive 
at the laboratory 4 to 6 days after lift- 
ing and are immediately stored at 
25.5°C. At this temperature they re- 
main vegetative for more than 10 
months. In the bulbs, flowers are initi- 
ated during dry storage at 13°C. The 
transition of the shoot apex from the 
vegetative to the reproductive stage 
occurs about 4% weeks after the be- 
ginning of the low-temperature treat- 
ment. Shorter exposure to temperature 
of 13°C and also prolonged storage at 
25.5°C result in a threshold condition 
in which the bulbs are slightly activated. 
The state of activation is shown by the 
rate of initiation and development of 
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the flower primordium in the excised 
shoot apex growing on an agar me- 
dium. : 

The shoot apex was in the vegetative 
state at the time of excision. The 
threshold condition was the starting 
point of all our experiments. The 
threshold was the result of a combina- 
tion of a period of storage at 25.5°C 
and a so-called “pretreatment” at 13°C 
for various lengths of time. The bulb 
of Wedgwood iris consists of a short 
axis, called a stem disk, which carries 
typical scale leaves, young foliage 
leaves, and, in the center, the shoot 
apex. After removal of the scales, the 
remaining part of the bulb was steri- 
lized for 30 minutes with hypochlorite 
and rinsed in sterile water. Then, part 
of the stem disk with the two or three 
youngest leaf primordia and the shoot 
apex was excised under aseptic condi- 
tions and placed on a nutrient medium. 
The medium contained macronutrients 
according to the formula of Knop, mi- 
cronutrients according to the formula 
of Heller (3), sucrose, and agar. Cul- 
turing was done in tubes or petri dishes 
at 13°C in the dark. The average dura- 
tion of the experiments was 7 weeks. 
At the end of an experiment the stage 
of development of the shoot apex was 
determined under a dissecting micro- 
scope. 

Isolated stem disks carrying only the 
shoot apex and the two or three young- 
est leaf primordia, and excised from 
bulbs that had been stored at 25.5°C 
without any prior treatment at 13°, did 
not become reproductive when kept on 
the medium at 13° for a period of 
7 weeks. On the other hand, explants 
carrying either all the young foliage 





leaves present at the time of excision 
or a piece of scale, when exposed to 
temperature of 13° for a similar period 
of time develop flower primordia. It 
therefore appears that the presence of 
young leaves and scales promotes flower 
initiation. Since the medium contained 
sugar, it does not seem likely that the 
effect of leaves and scales is merely that 
of supplying simple organic nutrients. 

The promotive influence of scales on 
flower formation could also be dem- 
onstrated in the absence of any connec- 
tion of living tissue with the shoot apex. 
This was done in two ways. 

1) An excised stem disk and a piece 
of scale’ were placed together on the 
nutrient medium, with their cut surfaces 
on the agar. The piece of scale used in 
these experiments, as in those men- 


tioned above in which the scale was — 


attached to the shoot apex, corre- 
sponded to one-fourth of the total mass 
of the scale material and weighed about 
4 g. The weight of the stem disk was 
about 500 mg. The results are shown 
in Table 1, as experiments 1 through 4. 
Although there was no union of tissue 
between the epidermis of the scale and 
the cut surface of the stem disk, the 
presence of the scale fragment induced 
flower initiation in 60 to 100 percent 
of the explants. 

In comparing the results of these 
experiments, it should be borne in mind 
that they were carried out at various 
times—that is, after various periods of 
storage at 25.5°C. Experiment 2 was 
carried out in January, experiment 1 in 
April. So the bulbs of experiment 1 
had been exposed to a temperature of 
25.5°C almost twice as long as those 
of experiment 2 and were more acti- 


Table 1. Influence of scales and bud extracts on flower induction in excised stem disks of Wedgwood 
iris. Treatment A: bulbs exposed at 13°C prior to, respectively, incubation of scales and extraction 
of flower-inducing substances. Treatment B: bulbs exposed at 13°C prior to excision of test stem 
disks. N;, total number of stem disks; N,, number of stem disks that became reproductive. In experi- 
ments | through 4, scales and apexes were incubated at the same time; in experiments 5 and 6, scales 
were incubated for 1 week prior to the incubation of apexes. 





Experimental group 





Control group 





Experiment Treatment at 13° (wk) 














Ni N,; NM Nr 
A B 
Influence of scales 
1 10 6 12 o* 
2 2 13 0 
3 1 11 11 19 13 
4 2 23 14 15 a? 
5 1 13 5 32 o* 
6 3 13 3 32 o* 
Influence of bud extract 

vf 3 1 4 30 2t 
8 a 14/7 23 10 30 2* 





*P< 01. TP <».0S. 
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vated when stem disks and scales were 
excised. Experiment 4 was performed 
in October, experiment 3 in January; 
this explains the differential effect of 
the 13°C treatment. It appears that the 
length of the 13° treatment required 
to obtain a threshold condition in the 
bulbs is strongly dependent upon the 
length of the preceding storage period 
at .235,3°C. 

2) Excised stem disks were placed 
on a medium on which a scale fragment 
had previously been incubated. As 
shown in Table 1, experiments 5 and 6, 
some of these stem disks became repro- 
ductive, while the controls did not. 

On the basis of these results attempts 
were made to extract and identify the 
active material. It was <ssumed that 
this material would be more highly con- 
centrated in the apexes and the primor- 
dial leaves than in the scales. Cold 
methanolic extracts of the buds of bulbs 
that had been stored at 13°C for vary- 
ing periods of time were prepared by 
the method of Harada and Nitsch (4). 
Bud in this connection signifies that 
part of the bulb that remains after 
removal of the scales. The extract was 
evaporated to dryness at 40°C under 
reduced pressure. The residue was dis- 
solved in water, sterilized by filtration, 
and incorporated into the nutrient 
medium. The first tests were made 
with extracts of buds of bulbs that had 
been stored at 13°C for 3 and 4 weeks. 
After such storage the shoot apexes of 
these bulbs are still vegetative in ap- 
pearance, although physiologically the 
transition to the reproductive state may 
already be in progress. This time the 
explants were more severely trimmed, 
weighing only about 30 mg. They were 
cultured in small tubes containing 5 ml 
of nutrient agar. The ratio of the 
number of extracted buds to the num- 
ber of explants was 1 to 1. As shown 
in Table 1 (experiments 7 and 8), after 
7 weeks a greater percentage of apexes 
had become reproductive on the me- 








dium containing bud extract than on the 


icontrol medium. 


The next step was to chromatograph 
the crude’ methanolic extracts in 80- 
percent isopropanol on paper strips, 
according to the method of Harada and 
Nitsch (4). The Avena first-leaf-section 
test was applied to detect eventual gib- 
berellin-iike substances. On the strength 
of these determinations it appears that 
the buds of iris bulbs contain several 
gibberellin-like substances. During the 
first 4 weeks of the 13°C treatment the 
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main growth substances are those hav- 
ing Rr values of 0.2 to 0.4 and 0.6 to 
0.8, respectively, in 80-percent isopro- 
panol. Gibberellic acid (5), which has 
an Rr of 0.45, did not seem to be 
present in the extracts, although in 
earlier experiments (6) this growth 
substance had been shown to exert a 
strong flower-inducing effect. 

In extracts of buds of bulbs that had 
been stored at 13°C for 7 weeks and 
thus were definitely reproductive, the 
fraction with Rr of 0.2 to 0.4 was 
extremely active in the Avena first-leaf- 
section test, whereas no activity was 
found between Rr 0.6 and 0.8. In 
preliminary experiments the capacity of 
these fractions to induce flower devel- 
opment was tested. The extract was 
chromatographed, and the regions of 
the strips corresponding to Rr values 
0.2 to 0.4 and. 0.6 to 0.8, respectively, 


- were eluted. The eluates were sterilized 


by filtration and incorporated into the 
nutrient agar. On these media small 
explants were incubated, as in experi- 
ments 7 and 8. Each tube, carrying 
one explant, contained an amount of 
extract originating from one bud. The 
results seem to indicate that flower 
initiation is promoted by the fraction 
having an Rr value of 0.2 to 0.4 in 
80-percent isopropanol. 

These findings suggest that in the 
bulbs of Wedgwood iris, flower induc- 
tion is associated with changes in en- 
dogenous gibberellin-like substances. By 
systematically screening extracts pre- 
pared at several different times in the 
course of the flower-inducing 13°C 
treatment, both by means of a test 
specific for gibberellins and with the 
technique of aseptic culturing of apexes, 
it should be possible to draw more 
specific conclusions about the mode of 
action of the gibberellin-like substances 
in floral initiation. 

A. S. RODRIGUES PEREIRA 
Department of Botany, 
University of Nijmegen, 
Nijmegen, Netherlands 
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Leukemogenesis by Urethan in 
CS7BI Mice Bearing Isologous 
Tissues from X-Irradiated Mice 


Abstract. A single exposure of mice of 
a low-leukemic strain (C57B1/6) to 400 r 
of total-body x-irradiation caused the 
early appearance of a factor which, though 
not itself capable of inducing leukemia in 
adult C57BI recipients, did cause its ap- 
pearance when the recipients also received 
urethan by injection. Positive results were 
obtained with seven different tissues from 
irradiated animals, whether urethan was 
injected 1 day or 30 days after the irradia- 
tion. No such effect was obtained in either 
series in the absence of urethan treatment. 
When urethan was injected into normal 
C57Bl mice, or into mice previously im- 
planted with tissues from nonirradiated 
mice, only marginal leukemogenic activity 
was evinced. The possible involvement of 
a precursor virus is discussed. 


Experimental leukemogensis by x-ir- 
radiation differs from other forms of 
carcinogenesis with respect to the in- 
volvement of several complicating fac- 
tors. (i) Radiation leukemogenesis does 
not operate in thymectomized mice but 
becomes again effective when normal 
thymus is reimplanted after the irradia- 
tion (J). Thus, the eventual target 
organ (the thymus) is required for 
leukemogenesis, though it need not be 
acted upon by the inciting agent (x-ir- 
radiation). (ii) Radiation leukemo- 
genesis is interfered with by the pres- 
ence of normal bone marrow, as evi- 
denced by the ineffectiveness of irra- 
diation when one limb is shielded (2), 
and by the marked depression of leu- 
kemogenesis by total-body irradiation 
when normal, isologous bone marrow 
is injected subsequent to the irradiation 
(3). (iii) While the presence of a 
leukemia virus, demonstrable in mice 
of a high-leukemic strain (4), is not 
demonstrable in untreated mice of a 
low-leukemic strain (see 5), it becomes 
demonstrable in mice of a low-leukemic 
strain after irradiation, either after (6) 
or shortly before (7) the disease 
appears. 

Radiation leukemogenesis can be aug- 
mented by urethan treatment when this 
is given either simultaneously with the 
irradiation (8, 9) or 2 weeks later, but 
not when it is given 2 weeks prior to 
the irradiation (9). The possibility that 
the urethan effect might be due to a 
further depression of the bone marrow 
has been excluded (/0). It would seem 
(9, 10) that urethan operates as a “pro- 
moting” factor in leukemogensis, with 
x-irradiation (in the low-dose ranges 
used) acting as “initiating” factor, in 
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Table 1. Incidence of leukemia* in strain C57Bl/6 mice injected with tissues from irradiated and 


nonirradiated donors, and subsequently with urethan, and in mice injected with tissues but not with 
urethan. The figures in parentheses are percentages. Comparable totals for mice injected with urethan 
only and for untreated controls are 2/110 (2 percent) and 0/141 (0 percent), respectively. 





Injected 1 day 
after tissue irradiation 





Injected 30 days 
after tissue irradiation 


Injected with 
tissues from 














Tissues (No.) (No.) nonirradiated 
injected animals and 
Subsequent No Subsequent No subsequently 
urethan urethan urethan urethan with urethan 
injections injections injections injections (No.) 
Bone marrow 8 /40 (20) 1 /47 4/45 (9) 0/51 1/44 (2) 
Lymph nodes 5/41 (12) 0/48 6/39 (15) 0/46 1/41 (2) 
Spleen 5 /39 (13) 0/48 4/39 (10) 0/48 1/49 (2) 
Thymus 8/35 (23) 0/49 2 /24 (8) 1/48 3 /40 (7.5) 
Lung 5 /40 (12.5) 0/45 6/36 (17) 0/50 1 /47 (2) 
Brain 7/37 (19) 0/48 3 /40 (7.5) 0/52 2/41 (5) 
Skin 4/30 (13) 0/49 4/46 (9) 0/53 2/43 (5) 
Total 42 /262 (16) 1/334 (0.3) 29/269 (11) 











1/348 (0.3) 11/305 (4) 





* Incidences are based on the number of survivors at the time of the first leukemia (24 weeks after the injection of 


tissue). 


terms of the “two-stage mechanism” 
demonstrable in skin carcinogenesis 
(11). 

The long latency (5 to 10 months or 
more) in radiation leukemogenesis and 
the fact that a leukemia-inducing virus 
becomes demonstrable (in a normally 
low-leukemic strain) late in the leuke- 
mogenic process raises the intriguing 
possibility (7) that there is an inter- 
vening precursor-virus stage. If we 
assume that the promoting phase of 
leukemogenesis is concerned with the 
postulated conversion of the precursor 
virus into a virus, the question arises 
whether the urethan effect may be im- 
plicated in the process. The experiment 
reported here is the first of a series 
designed to test this hypothesis. 

The mice used were of the C57B1/6 
strain, having a low spontaneous inci- 
dence of leukemia and normally lacking 
a demonstrable leukemia virus, yet sen- 
sitive to radiation leukemogenesis. The 
x-irradiation consisted of a single expo- 
sure of 400 r. The tissues used for 
transplantation were minced and _ in- 
jected intraperitoneally, in the follow- 
ing amounts: a whole organ per re- 
cipient in the case of spleen, thymus, 
lung, and brain; the contents of four 
bones in the case of bone marrow; 
several lymph nodes; and about 12 cm’ 
of skin. The experiment was carried 
out in parallel series, one with trans- 
plants 1 day after irradiation and the 
other with transplants 30 days after 
irradiation. Controls included the fol- 
lowing: mice that received similar trans- 
plants without urethan treatment; mice 
that received transplants from nonirra- 
diated mice, followed by urethan treat- 
ment; mice not previously injected with 
tissues that received urethan treatment; 
and untreated mice. The urethan treat- 
ment consisted of 15 weekly intraperi- 
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toneal injections of 0.2 ml of a 10-per- 
cent solution—that is, 20 mg per injec- 
tion—totaling 300 mg per animal. The 
interval between tissue transplantation 
and first urethan injection was 1 week. 

The experiment has now been in 
progress for 14 months, and many of 
the mice, still alive, are being kept 
under further observation till they die. 
The results reported here are, therefore, 
of a preliminary nature. 

The results (see Table 1) were as 
follows. (i) No leukemias developed 
in the untreated controls. (ii) Urethan 
alone, or urethan given to mice pre- 
viously injected with nonirradiated tis- 
sues, appeared te be slightly leukemo- 
genic (two leukemias in 110 mice [2 
percent]; and 11 in 305 mice [4 percent], 
respectively. (iii) Injections of tissues 
from irradiated animals, without subse- 
quent urethan treatment to the recipi- 
ents, failed essentially to induce leukemia 
(one leukemia in 334 and in 348 mice, 
respectively). (iv) Injections of tissues 
from irradiated animals, followed by 
urethan treatment to the recipients, 
yielded significantly higher incidences 
of leukemia, both in the 1-day series 
(42 leukemias in 262 mice [16 per- 
cent]) and in the 30-day series (29 in 
269 mice [11 percent]). 

After the demonstration by Gross 
(4, 5) of a specific virus in spontaneous 
mouse leukemia in the high-leukemic 
AK strain, attempts were made to find 
evidence of such a virus in irradiated 
mice of low-leukemia strains (in which 
the virus is normally not demonstrable). 
Gross (6) succeeded in transmitting the 
disease, using cell-free extracts from 
leukemic tissues of x-irradiated adult 
C3H mice and injecting them in new- 
born C3H mice; Lieberman and Kaplan 
(7) obtained similar results with cell- 
free extracts of tissues from irradiated 





C57BI mice shortly before the actual 
appearance of the induced ‘leukemia. 
The two common factors in these 
studies are (i) that in irradiated mice 
of low-leukemic strains the virus ap- 
pears only at, or shortly before, the 
onset of -the induced leukemia, and 
(ii) that newborn mice are required as 
responsive recipients for testing for the 
presence of the active virus. The results 
make consideration of the role of vir- 
uses in induced leukemogenesis impera- 
tive. 

The results of the experiment under 
discussion indicate that total-body irra- 
diation of mice of a low-leukemic strain 
(C57Bl/6) causes the immediate ap- 
pearance of a “transmissible” factor 
which, though not itself capable of in- 
ducing leukemia, renders adult mice 
into which it is injected subject to leu- 
kemia when they are subsequently in- 
jected with urethan. 

The nature of this “transmissible” 
factor cannot, of course, be discerned 
from this experiment. It is evidently 
not an active leukemia virus, since in 
the absence of urethan treatment of the 
recipients no leukemia develops, and 
since the factor appears so soon after 
the irradiation. Nor is there proof that 
the factor is a precursor virus, though 
the results are compatible with such an 
interpretation. An experiment is now 
in progress to determine this point, by 
injecting cell-free extracts of the tis- 
sues into normal mice, which are then 
injected with urethan. 

The fact that the choice of tissue for 
transplantation did not seem to affect 
the results was disappointing, since it 
was hoped that observed differences 
might have indicated the primary target 
organ, on which the irradiation was 
acting (the thymus is presumably the 
secondary target organ, on which the 
eventual agent acts). 

Two apparent discrepancies call for 
comment—the fact that the incidence 
of leukemia was somewhat higher in the 
control series that received nonirradi- 
ated tissues followed by injection of 
urethan than in the control series given 
only urethan (4 as against 2 percent), 
and the fact that the incidence of leu- 
kemia with injection of irradiated 
thymus seemed rather low in the 30- 
day series (though not in the 1-day 
series). It is not possible to say, until 
the experiment is completed, whether 
these are significant discrepancies (/2). 

I. BERENBLUM 
"'N. TRAININ 
Weizmann Institute of Science, 
Rehovoth, Israel 
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Effect of Ultrahigh Vacuum on 
Viability of Microorganisms 


Abstract. Three species of resistant 
microorganisms were exposed for 5 days 
to an ultrahigh vacuum approaching that 
of interplanetary space. Since no lethal 
effect was observed, there is no indication 
that the vacuum of outer space would pre- 
vent transport of viable microorganisms 
on unsterilized space vehicles. 


The effect of ultrahigh vacuum on 
microorganisms is of current practical 
interest in connection with the concern 
that interplanetary vehicles be sterile. 
Although ordinary laboratory vacuum 
(10° to 10* mm-Hg) is used to pre- 
serve microorganisms, Phillips and Hoff- 
man (J) pointed out that the effect of 
the extreme vacuum of outer space 
[estimated as low as 10°” mm-Hg (2)] 
on microorganisms is unknown. Prince 
(3) reported that microorganisms with- 
stood pressures from 10° to 5 x 10% 
mm-Hg for 32 days. However, data 
on the effect of higher vacuums are 
needed, especially since odd surface 
effects have been noted (4) on some 
materials in ultrahigh vacuum (defined 
as pressures lower than 10° mm-Hg). 
The experiment reported here was per- 
formed in an 85-liter chamber (5) at 
the National Research Corporation (6), 
where pressures as low as 2 x 10” 
mm-Hg have been reached. It was 
hoped that if the vacuum of outer space 
is lethal to microorganisms, evidence 
of it would be obtained at this level of 
pressure. 

Three of the more resistant types of 
saprophytic microorganisms were ex- 
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posed to ultrahigh vacuum for 5 days, 
a period chosen arbitrarily as a little 
longer than the time required for tran- 
sit from the earth to the moon. Expo- 
sure was at ambient temperature which 
corresponds to the usual temperature 
maintained within space vehicles for 
the proper functioning of instruments. 
The chamber chosen for these tests 
operates at room temperatures, not at 
elevated temperatures as many high- 
vacuum sources do. 

Each of a number of ashless filter 
paper patches (% inch in diameter) 
was contaminated with one of the three 
test microorganisms, Bacillus subtilis 
var. niger spores, Aspergillus fumigatus 
spores, or Mycobacterium smegmatis 
cells suspended in water, 0.1-percent 
Tween 20, and Dubos broth base, re- 
spectively. After drying over caicium 
sulfate, three patches of each type were 
assayed for viable microorganisms to 
serve as a baseline control. 

At the same time that the baseline 
control patches were assayed, nine test 
patches, three with each microorganism, 
were placed in the ultrahigh vacuum 
chamber. For comparison, similar 
patches, kept within desiccators in the 
same room, were maintained under 
five other environments. These environ- 
ments were air, atmospheres lacking 
oxygen or water vapor or both, and 
low vacuum. At the end of a 5-day ex- 
posure period, each patch was removed 
from its exposure chamber, placed in 
distilled water, and shaken until the 
paper patch disintegrated. Samples 
from serial decimal dilutions were then 
plated by the spread plate technique, 
with a trypticase soy agar as the cul- 
ture medium. The plates were incu- 
bated at 37°C, and colonies were 
counted after the optimum growth pe- 
riod which was 24 hours for Bacillus 
subtilis var. niger, 48 hours for Asper- 
gillus fumigatus, and 72 hours for 
Mycobacterium smegmatis. 

The results shown in Table 1 indi- 
cate that, in general, ultrahigh vacuum, 
ordinary laboratory vacuum, and stor- 
age in a nitrogen atmosphere were the 
environments most conducive for: the 
preservation of microbial viability. Sta- 
tistically, the recoveries of Bacillus sub- 
tilis var. niger spores or Aspergillus 
fumigatus spores obtained after expo- 
sure to these three conditions were not 
significantly different from each other 
or from the baseline control. With the 
vegetative cells of Mycobacterium 


Table 1. Microorganisms recovered after 5 days 
of exposure to ultrahigh vacuum and other test 
conditions. Each entry is an average count for 
three patch samples. Temperature during test 
ranged from 23° to 24°C. 








B. A. M. 
Test sub- fumi- —_smeg- 
condition tilis gatus — miatis 
(X104) (Xx104) (102) 
Baseline control 102.2 31.8 469.1 
Vacuum, ultrahigh* 118.2 21.9 156.0 
Vacuum, labt 121.9 27.4 106.6 


Nitrogen + CaSO, 96.3 6.4 10.8 


Nitrogen only 96.4 232 140.9 
Air + CaSO, 37.6 0.1 0.8 
Air only 132.1 1.1 3.3 





* At 6 hours, pressure was 5.0 X 10-9 mm-Hg; at 
24 hours, pressure was 7.2 X 10710 mm-Hg; and at 5 
days, pressure was 3.6 X 10°19 mm-Hg. + Pressure 
was 4 X 10°2 mm-Hg, produced by a Welch high- 
vacuum air pump. 


smegmatis, the recoveries obtained after 
exposure to these three conditions were 
also not significantly different from 
each other, but were significantly lower 
than the baseline control assayed 5 
days before. 

These data furnish no evidence to 
indicate that the vacuum of outer space 
would kill microorganisms and thus 
prevent their conveyance in a viable 
state on interplanetary vehicles. At the 
vacuum reached, the effect upon the 
test organisms was less adverse than 
exposure to normal atmosphere (7, 8). 

Dorotuy M. PorTNER 

Davip R. SPINER 

ROBERT K. HOFFMAN 

CHARLES R. PHILLIPS 

U.S. Army Chemical Corps Biological 
Laboratories, Fort Detrick, Maryland 
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ELECTRON MICROSCOPY AND 
AUTORADIOGRAPHY 


The combined techniques of electron microscopy 
and autoradiography were used for the pur- 
pose of differentiating radioactive from non- 
radioactive particles collected on membrane 
filters (Millipore type AA, 0.8u pore size). 
Newer methods of processing the membrane 
filters and applying the nuclear emulsion have 
resulted in an improvement in the qualitative 
nature of the procedure. 

L. A. George 11, 1961, SCIENCE, 

Vol. 133, No. 3462, pp. 1423-24, May 5. 
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Meetings 
Plant Phenolics 


The recent increase of interest in the 
biology and chemistry of the phenolic 
constituents of plants becomes immedi- 
ately apparent on inspection of the 
table of contents of many of the world’s 
biological and chemical publications. 
However, workers in the various fields 
in which there is an interest in the 
plant phenolics are widely scattered 
throughout departments of botany, 
biology, biochemistry, chemistry, micro- 
biology, pharmacy, pharmacology, and 
forestry, in universities, research insti- 
tutes, government agencies, and indus- 
try. There is consequently almost no 
common meeting place for people with 
such interests, with the result that there 
is little discussion and exchange of in- 
formation between workers in the dif- 
ferent disciplines. 

In 1956 the Plant Phenolics Group 
was founded in England as an informal 
organization with the aims of promoting 
“the advancement of the knowledge of 
phenolic and related constituents of 
plants in respect of their chemistry, 
function, biosynthesis, effect on plant 
and animal physiology and pathology, 
and the application of such knowledge 
in agriculture and industry.” Since its 
founding the Plant Phenolics Group 
has been very successful in achieving 
these aims, holding two or three meet- 
ings per year. The proceedings of many 
of these meetings have been published. 

At the 9th International Botanical 
Congress in Montreal in 1959, discus- 
sions with various biochemists and 
physiologists interested in plant phenolic 
substances led to the idea that a sister 
organization be formed in North Amer- 
ica. The largest problem involved in 
forming such a group on this continent, 
of course, results from the geographical 
size of North America, which would 
prohibit such a group from meeting 
more often than once a year. 

An organizing committee consisting 
of T. A. Geissman (University of Cali- 
fornia), V. C. Runeckles (Imperial 
Tobacco Company of Canada), and 
G. H. N. Towers (McGill) distributed 
a letter to interested persons in 1960, 
the response to which was so enthusias- 
tic as to encourage the committee to 
make plans for an inaugural meeting. 
This was held at Colorado State Uni- 
versity, Fort Collins, from 31 August 
to 1 September 1961, and took the 
form of 4 symposium on the bio- 





chemistry of plant phenolic substances. 
The meeting was sponsored by the Na- 
tional Science Foundation, under the 
direction of G. Johnson (Colorado 
State University) and T. A. Geissman. 

Papers were presented as follows: 
“Recent studies on the structures and 
bitterness of the flavonoid glycosides of 
citrus” (R. M. Horowitz, U.S. Depart- 
ment of Agriculture); “Biosynthesis of 
plant phenols” (S. A. Brown, National 
Research Council, Saskatoon); ‘“Nat- 
urally occurring  biflavonyls” (N. 
Kawano, University of Nagasaki); 
“Metabolic fate of phenolic substances 
in animals” (A. N. Booth, U.S. Depart- 
ment of Agriculture); “Role of plant 
phenolics in disease resistance and im- 
munity” (I. Uritani, Nagoya Univer- 
sity); “Melanin and its formation” (G. 
A. Swan, University of Durham); and 
“Estrogenic-like substances in plants” 


(E. M. Bickoff, U.S. Department of 


Agriculture). 

Over 60 delegates attended the 
symposium, the last session of which 
was devoted to founding the Plant 
Phenolics Group of North America. 
The officers elected were as follows: 
president, S. H. Wender (University of 
Oklahoma); vice-president, L. Jurd 
(U.S. Department of Agriculture); and 
secretary-treasurer, V. C. Runeckles. 

It was agreed at the founding meet- 
ing that membership be open to all 
persons interested in the Group’s aims, 
on application to the secretary, Dr. V. 
C. Runeckles, P.O. Box 6500, Mont- 
real. 

V. C. RUNECKLES 
Imperial Tobacco Company of .Canada, 
Montreal 


Forthcoming Events 


January 


2-3. California Assoc. of Chemistry 
Teachers, San Luis Obispo, Calif. (R. 
Major, 1736 N. Sierra Bonita Ave., Holly- 
wood 46, Calif.) 

8-12, Internaiioiial Heat Transfer Conf., 
Institution of | Mechanical Engineers, 
London, England. (Secretary, IME, 1 Bird- 
cage Walk, Westminster, London, S.W.1) 

8-12. Society of Automotive Engineers, 
annual, Detroit, Mich. (R. W. Crory, SAE, 
485 Lexington Ave., New York 17, N.Y.) 

8-13. Central Treaty Organization, Role 
of Science in Natural Resources, Lahore, 
Pakistan. (Office of Intern. Conferences, 
Dept. of State, Washington 25) 

9-11, Reliability and Quality Control, 
Sth natl. symp., Institute of Radio Engi- 
neers and American Inst. of Electrical 
Engineers, Washington, D.C. (Scientific 
Liaison Office, Natl. Research Council, 
Sussex Dr., Ottawa, Ont., Canada) 
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K2 Series . . For efficient and foolproof dif- 
ferential amplifier operation, the popular 
Philbrick K2 modular plug-ins still satisfy 
all but the most exacting requirements at a 
price far less than it would cost to build 
them yourself. 


K2-W K2-XA K2-P 


Differential Differential Stabilizing 


Operational Operational 


Open Loop 
DC Gain 15,000 30,000 1000 
Output +50v1lma +100v 3ma _ 
Unity Gain a: 
Crossover 400 KCPS 500 KCPS ar 


_ Unit price* $22 $27 $52 





Philbrick makes the most complete line of operational amplifiers 


ect your performer 
from two lines of octal plug-in 


PHILBRICK 
OPERATIONAL 
AMPLIEFI 






1+ GAP/R f 
MODEL | 
SK2V . 





| 
SK2 Series . . For higher performance, for 
extra long periods of drift-free uninter- 
rupted service, try these new SK2 plug-ins. 
They are interchangeable with the K2's 
both electrically and physically, and their 
low price will amaze and delight you. 


SK2-V SK2-B SK2-P 
Differential Bocster Stabilizing 
Operational Follower 

100,000 +3.5 2000 
£100v 3ma + 100v 20ma _ 

1 MCPS —_ _- 

$58 $36 $65 


Each K2 has a premium counterpart for use in exacting military and industrial applications, 


The K2's have always been the lowest 
priced operational amplifiers. The new 
prices above make them even lower, These 
reductions are now possible because of 
production economies resulting from the 
continuing rise in demand for K2’s, Im- 
provements, too, will be noted. (The famil- 
iar shape has been retained, but the goid 
color has been changed to a computor 
grey.) More important, new plastics re- 
place the old to achieve higher impact 
strength, higher temperature operating 
characteristics, and higher dielectric 
strength and reduced leakage. 


The.SK2 family offers you the same plug- 
in conveniences as the K2 family, but the 
higher performances shown provide more 
speed and accuracy when you design instru- 
menting, computing, and controlling de- 
vices. The dependability of the SK2’s is 
assured by the following design features: 
all elements are severely derated; the venti- 
lated cases are all-aluminum; components 
are mounted on epoxy glass terminal 
boards; and a glass-to-metal header mini- 
mizes leakage and noise. Furthermore, 
SK2’s can be secured to the chassis, which 
acts as a heat sink. 


We invite you to acquaint yourself with Philbrick’s wealth of applications literature. 
Write for specifications, prices, and 28-page applications manual. 


ceorGE A. PH TL BRICK eesearcuts, INC. 


127 Clarendon Street, Boston 16, Massachusetts 


*Domestic prices: Effective November 1, 1961. 


Representatives in principal cities. 


2050 





Export Office: 


TERMINAL RADIO INTERNATIONAL LTD. 


240 West 17 Street New York 11. New York 
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Cable: TERM RADIO or TRIL RUSH 








9-12. Radioactive Isotopes in Clinical 
Medicine and Research, 2nd symp., Bad 
Gastein, Austria. (R. Héfer, Garnisongasse 
13, Vienna IX, Austria) 

9-19. Synoptic Meteorology Code Prob- 
lems, World Meteorological Organization, 
Toronto, Ont., Canada. (WMO, 41 Avenue 
Giuseppe Motta, Geneva, Switzerland) 

11. Role of Hormones in Protein Syn- 
thesis, Assoc. of Vitamin Chemists, 
Chicago, Ill. (H. S. Perdue, Abbott Lab- 
oratories, N. Chicago) 

15-17. American Pomological Soc., 
Toronto, Canada. (G. M. Kessler, Dept. 
of Horticulture, Michigan State Univ., E. 
Lansing) 

17-19. Instrument Soc. of America, 
winter conf. and exhibit, St. Louis, Mo. 
(W. H. Kushnick, ISA, 313 Sixth Ave., 
Pittsburgh 22, Pa.) 

18-31. Tropical Cyclones, inter-regional 
seminar, World Meteorological Organiza- 
tion, Tokyo, Japan. (WMO, 41 Avenue 
Giuseppe Motta, Geneva, Switzerland) 

22. American Ethnological Soc., New 
York, N.Y. (N. F. S. Woodbury, Arizona 
State Museum, Univ. of Arizona, Tucson) 

22-24. Institute of the Aerospace Sci- 
ences, 30th annual, New York, N.Y. (IAS, 
2 E. 64 St., New York 21) 

22-26. American Mathematical Soc., 
annual, Cincinnati, Ohio. (AMS, 190 Hope 
St., Providence 6, R.I.) 

23. Conference on Cardiac and Vascular 
Surgery, New York Heart Assoc., New 
York, N.Y. (R. Ober, NYHA, 10 Colum- 
bus Circle, New York 19) 

23-25. American Soc. of Safety Engi- 
neers, Philadelphia, Pa. (A. C. Blackman, 
5 N. Wabash Ave., Chicago 2, III.) 

23-25. Obstetrics and Gynaecology, 2nd 
Asiatic congr., Calcutta, India. (S. Mitra, 
4 Chowringhee Terrace, Calcutta 20) 

24-26. Mathematical Assoc. of America, 
45th annual, Cincinnati, Ohio. (H. M. 
Gehman, Univ. of Buffalo, Buffalo, N.Y.) 

24-26. Thermophysical Properties, 
symp., American Soc. of Mechanical Engi- 
neers, Princeton, N.J. (E. F. Lype, ASME, 
c/o Thompson Ramo Wooldridge, 23555 
Euclid Ave., Cleveland, Ohio) 

24-27. American Physical Soc., annual, 
New York, N.Y. (K. K. Darrow, 538 W. 
120 St., New York 27) 

24-27. Federation of American Scien- 
tists, Natl. Council, New York, N.Y. (D. 
M. Singer, FAS, 1700 K St., NW, Wash- 
ington 6) 

25-26. Western Spectroscopy Assoc., 9th 
annual, Pacific Grove, Calif. (D. G. Rea, 
WSA, Univ. of California Space Sciences 
Laboratory, Berkeley 4) 

25-27. Western Soc. for Clinical Re- 
search, 15th annual, Carmel-by-the-Sea, 
Calif. (H. R. Warner, WSCR, Latter-day 
Saints Hospital, Dept. of Physiology, Salt 
Lake City 3, Utah) 

26-29. Man and Civilization: Control of 
the Mind—II, San Francisco, Calif. (S. M. 
Farber, Univ. of California San Francisco 
Medical Center, San Francisco 22) 

28-3. American Inst. of Electrical Engi- 
neers, New York, N.Y. (R. S. Gardner, 
AIEE, 33 W. 39 St., New York 18) 

28-3. Pan American Assoc. of 
Ophthalmology, interim congr., Lima, 
Peru. (J. M. McLean, 525 E. 68 St., New 
York 21) 

29-30. Carbohydrates, Cellulose, and 
Cellulose Industries, symp., Council of 
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Scientific and Industrial Research, 
Ahmedabad, India. (Director, Ahmedabad 
Textile Industry Research Assoc., 
Ahmedabad-9) 

29-31. American Soc. of Heating, 
Refrigerating and Air-Conditioning Engi- 
neers, St. Louis, Mo. (R. C. Cross, United 
Engineering Center, 345 E. 47 St., New 
York, N.Y.) 

29-31. Institute of the Aeronautical Sci- 
ences, annual, New York, N.Y. (R. R. 
Dexter, IAS, 2 E. 64 St., New York 21) 

29-1. Instrument Soc. of America, conf. 
and exhibit, Dallas, Texas. (W. H. Kush- 
nick, ISA, 313 Sixth Ave., Pittsburgh 22, 
Pa.) 

30-1. Military Electronics, 4th winter 
convention, Institute of Radio Engineers, 
Los Angeles, Calif. (IRE, 1435 LaCienega 
Blvd, Los Angeles) 

30-2. Society of Plastics Engineers, an- 


| nual technical conf., Pittsburgh, Pa. (T. A. 


Bissell, SPE, 65 Prospect St., Stamford, 
Conn.) 

31-2, American Geophysical Union, 
Pacific Southwest regional, Tucson, Ariz. 
(A. N. Sayre, U.S. Geological Survey, 
Washington 25) 


February 


1-2. Industrial Management Engineering 
Conf., Illinois Inst. of Technology, Chi- 


| cago. (F. A. Judd, Technology Center, 
| IIT, Chicago 18) 


| 
| 


1-3. Congress on Hospital Administra- 
tion, 5th annual, Chicago, Ill. (American 
College of Hospital Administrators, 840 
N. Lake Shore Dr., Chicago) 

4-7. American Inst. of Chemical Engi- 
neers, natl., Los Angeles, Calif. (American 
Petroleum Inst., 1271 Avenue of the 
Americas, New York 20) 

5. World Meteorological Organization, 
Working Group on Networks of the 
Commission for Synoptic Meteorology, 
Geneva, Switzerland. (Secretary, WMO, 
Geneva) 

5—6. Gustav Stern Symp. on Perspectives 
in Virology—III, New York, N.Y. (M. 
Pollard, Lobund Inst., Univ. of Notre 
Dame, Notre Dame, Ind.) 

5-7. American Acad. of Allergy, annual, 
Denver, Colo. (Scientific Liaison Office, 


| Natl. Research Council, Sussex Dr., Ot- 


tawa, Ont., Canada) 

5-9. Electroforming Applications, symp., 
American Soc. for Testing and Materials, 
Dallas, Tex. (ASTM, 1916 Race St., Phil- 


adelphia 3, Pa.) 


6-7. Vertebrate Pest Control Conf., 


| Sacramento, Calif. (M. W. Cummings, 


} 





Univ. of California, Davis) 

6-8. Society of the Plastics Industry, Re- 
inforced Plastics Div., Chicago, Ill. (Sci- 
entific Liaison Office, Natl. Research Coun- 
cil, Sussex Dr., Ottawa, Ont., Canada) 

7-9. Military Electronics, Inst. of Radio 
Engineers, Los Angeles, Calif. (M. E. 
Brady, Space Technology Laboratories, 
P.O. Box 95001, Los Angeles) 

7-10. American College of Radiology, 


| annual, New York, N.Y. (ACR, 20 N. 


Wacker Dr., Chicago 6, III.) 
8. Problems in Food Processing, Assoc. 
of Vitamin Chemists, Chicago, Ill. (H. S. 


| Perdue, Abbott Laboratories, North Chi- 


cago, Ill.) 
9-11, National Open Hearth and Blast 


22 DECEMBER 1961 








WH LIQUID NITROGEN PROVIDES THE 
MOST SATISFACTORY SYSTEM FOR 
PRESERVING BIOLOGICAL MATERIALS 


To preserve biological materials indefinitely, very low temperatures are re- 
quired. Only at temperatures below —130°C. (202°F.) is all chemical and 
physical activity reduced to a negligible level. 

Only with liquid nitrogen (—196°C., —320°F.) can you obtain safe, eco- 
nomical long-term storage . . . for months, years, even centuries. 

Liquid nitrogen does not react with the materials with which it comes in 
contact. It has no effect on the pH of solutions. 


H0 LINDE PROVIDES USERS OF LIQUID 
NITROGEN WITH A MORE COMPLETE 
SERVICE THAN ANY OTHER SOURCE 


Only LINDE provides Total Liquid Nitrogen Service —freezing equipment, re- 
frigerating storage equipment, and nationwide availability of liquid nitrogen. 

































































THE BF-1 FREEZER —a new liquid nitrogen LNR-25-B REFRIGERATOR —non- 


freezer especially designed for laboratory use. mechanical, keeps 348 cubic inches of 
Accurate and automatic control of optimum product between —185°C. (—300°F.) 
cooling rates. Provides a low-cost freezing sys- and —196°C. (—320°F.). Low evapo- 
tem suitable for use with most types of biologi- ration loss; all-welded stainless steel 
cal specimens. construction (larger sizes available). 


SERVICE AT YOUR DOOR—thanks to LINDE’s unique distribution network, no 
point in the U. S. is more than a few hours from a ready supply of LINDE 
liquid nitrogen. 

FIND OUT—write today for our new pamphlet, “The Preservation of Biologi- 
cal Materials with Liquid Nitrogen.” Address: Linde Company, Division of 
Union Carbide Corporation, 270 Park Avenue, New York 17, N. Y. In 
Canada, Union Carbide Canada Limited, Linde Gases Division, Toronto 12. 
Or call your nearest LINDE office. 


ited, 


LINDE COMPANY = fat: 


“Linde” and ‘Union Carbide’ are registered trade marks of Union Carbide Corporation. 











ELECTRONIC 
VARIABLE-SPEED 


AC CONTROLLER and 
Matching DC MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 


*S 


Complete, F.O.B., 
Las Vegas, 
Nevada 












SPECIFICATIONS 


@ Thyraton tube operated controller 
gives stepless operation @ Input: 
110-120 V., 60 cy. single phase © 
Output: 0-120 V., 200 ma. DC to } 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
ratios: 6, 18, 30, 36, 60, 100, 300, 
540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 


Other models to 
3/4 H.P. motors 
available. 
Request data, 
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‘MICROSCOPIC 
SLIDE LABELING 










Eliminate guesswork . . . greasemark mistakes. Get posi- 
tive identification. Simply pull tab and a fresh, clean label 
“pops” out. Fast, self-sticking labels dispensed one at a 
time. Available in standard or “tissue-high” thickness. They 
accept pen, pencil, ball point pen or typewriter marking. 
1000 labels per carton. 


Write for detailed information and the 
name of your nearest TIME distributor. 





SELF Stickine® 


LABELS 


( coareo 


PROFESSIONAL TAPE CO., INC. 
360 Burlington Ave. ® Riverside, Ill. 














GLASS ABSORPTION 


CELLS 9 "° ALEIT 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents, 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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INEXPENSIVE 
“SCIENCE” 
BINDERS 







Keep your copies of SCIENCE always available 
for quick, easy reference in this attractive, prac- 
tical binder. Simply snap the magazine in or out 
in a few seconds—no punching or mutilating. 
It opens FLAT—for easy reference and read- 
ability. Sturdily constructed, this maroon buck- 
ram binder stamped in gold leaf will make a 
fine addition to your library. 


Starting January 1962, SCIENCE Binders will hold 
one three-month volume of SCIENCE. They will 
have a 2%” back and 13 flat fasteners. $3.25 
each. Four binders, $12.00. 


For six-month volumes, through December 1961, 
SCIENCE binders with 4” back and 26 flat fast- 
eners are available. $3.25 each. 


Add 50¢ for orders outside the U.S. Name of 
owner, 75¢ extra; year of issues, 50¢ extra. 


SCIENCE \esinsen 0." 
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Furnace Conf., American Inst. of Mining, 
Metallurgical, and Petroleum Engineers, 
Detroit, Mich. (E. O. Kirkendall, AIME, 
29 W. 39 St., New York 17) 

12-16. Management of Science Infor- 
mation Centers, Inst. on Information Stor- 
age and Retrieval, 4th, Washington, D.C. 
{(L. H. Hattery, Center for Technology and 
Administration, American Univ., 1901 F 
St., NW, Washington 6) 

12-23. Latin American Seminar on Ir- 
tigation, 2nd, Panama City, Panama. (J. 
Melendez, Jefe, Depto. de Ingenieria, 
Ministerio de Agricultura, Comercio e 
Industrias, Panama City) 

13-14. Sanitary Engineering, 4th conf., 
Urbana, Ill. (B. B. Ewing, Dept. of Sani- 
tary Engineering, Univ. of Illinois, Ur- 
bana) 

14-16. Biophysical Soc., 6th annual, 
Washington, D.C. (D. Cowie, Dept. of 
Terrestrial Magnetism, Carnegie Institution 
of Washington, 5241 Broad Branch Rd., 
NW, Washington 15) 

14-16. Solid State Circuits, intern. conf., 
Philadelphia, Pa. (L. Winner, 152 W. 42 
St., New York 36) 

14-17, National Soc. of College Teach- 
ers of Education, Chicago, Ill. (E. J. 
Clark, Indiana State College, Terre Haute) 

16-18. Medical Congr. in Honor of the 
Centennial of Bretonneau, Tours, France. 
(Directeur, Ecole Nationale de Médecine, 
Tours) 

17-24. Pan American Medical Women’s 
Alliance, 8th congr., Manizales, Colombia. 
(C. Carthers, 1661 Riverside Ave., Suite 
B, Jacksonville, Fla.) 

18-22. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers, annual, 
New York, N.Y. (E. O. Kirkendall, AIME, 
29 W. 39 St., New York 17) 

18-22. Technical Assoc. of the Pulp and 
Paper Industry, annual, New York, N.Y. 
(TAPPI, 360 Lexington Ave., New York 
17) 

19-21. American Educational Research 
Assoc., Atlantic City, N.J. (G. T. Buswell, 
1201 16 St., NW, Washington 6) 

19-21. Tracking and Command of Aero- 
space Vehicles, Inst. of the Aerospace Sci- 
ences, San Francisco, Calif. (IAS, 2 E. 
64 St., New York 21) 

19-22. American Concrete Inst., annual, 
Denver, Colo. (W. A. Maples, 22400 W. 
$even Mile Rd., P.O. Box 4754, Redford 
Station, Detroit 19, Mich.) 

19-22. Industrial Ventilation Conf., E 
Lansing, Mich. (Engineering Dept., Michi- 
gan State Univ., E. Lansing) 

19-23. American Soc. of Civil Engi- 
neers, Houston, Tex. (W. H. Wisely, 345 
E. 47 St., New York 17) 

19-23. Automatic Control in the Iron 
and Steel Industry, intern., Brussels, Bel- 
gium. (Institut Belge de Régulation et 
d’Automatisme, 98 Chausée de Charleroi, 
Brussels 6) 

20-21. International Inst. of Sugar Beet 
Researchers, winter congr., Brussels, Bel- 
gium. (O. J. Kint, IISBR; 152 rue Beau- 
duin, Tirlemont, Belgium) 

21-25. National Assoc. for Research in 
Science Teaching, Washington, D.C. (H. 
Branson, Dept. of Physics, Howard Univ., 
Washington 1) 

22-24. American Acad. of Forensic Sci- 
ences, Chicago, Ill. (W. J. R. Camp, Univ. 
of Illinois, 1853 W. Polk St., Chicago 12) 
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22-24. Genetics Soc. of Canada, Winni- 


peg, Man., Canada. (Scientific Liaison 
Office, Natl., Research Council, Sussex 
Dr., Ottawa, Ont., Canada) 

23-24. American Physical Soc., Austin, 


Tex. (K. K. Darrow, APS, Columbia Univ., 
New York 27) 

23-24. Canadian Aeronautical Inst., 
mid-season meeting, Halifax, Nova Scotia. 
(Scientific Liaison Office, Natl. Research 
Council, Sussex Dr., Ottawa, Canada) 

25-1. Pan American Assoc. of Oto- 
Thino-Laryngology and Broncho-Esophag- 
ology, Caracas, Venezuela. (C. M. Norris, 
3401 N. Broad St., Philadelphia 40, Pa.) 

26-28. Importance of Electricity in the 


Control of Aircraft, conf., Inst. of Elec- 
trical Engineers—Royal Aeronautical Soc., 
London, England. (Secretary, IEE, Savoy 
Place, London, W.C.2) 

26-29. Central Treaty Organization, 
Economic Committee, Washington, D.C. 
(Office of Intern. Conferences, Dept. of 
State, Washington 25) 

26-2. Current Trends in Nuclear Power, 
symp., Tucson, Ariz. (L. Weaver, Nuclear 
Engineering Dept., Univ. of Arizona, 
Tucson) 

27-1. Application of Switching Theory 
in Space Technology, symp., Palo Alto, 
Calif. (J. P. Nach, Lockheed Aircraft 
Corp., Sunnyvale, Calif.) 
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charts, tables and illustrations. 
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Letters 


(Continued from page 2007) 


The implication is ridiculous that the 
principle of adding extra phases to a 
material .to strengthen it is a logical 
development of any kind of recent 
theoretical thinking, let alone a fruit of 
the state of confusion that has devel- 
oped from the highly specific models 
which have been described in metallur- 
gical literature. It seems quite apparent 
that the work reported by Kingery 
could have been accomplished by a 
clear-thinking scientist (which Kingery 
is, in my opinion) with a classical point 
of view on strengthening of materials, 
as opposed to a view of the kind that 
is arrived at by overdevelopment of 
oversimplified mechanistic hypotheses. 
For instance, must we consider disloca- 
tion theory the basis for the following 
statement by Kingery: “As found from 
long experience with metals, plastics, 
and ceramics, the kinds of alloys which 
are most useful under these conditions 
are those made with stable second- 
phase additives having useful proper- 
ties’? The most useful two-phase mate- 
rial discussed by Kingery can be derived 
and explained on a purely classical 
basis, with no regard whatsoever for 
dislocations, whether edge or screw. 

It is interesting to attempt to follow 
Kingery’s conclusions about the virtues 
of adding glass fibers. First of all, it is 
not clear how fibers will limit the stress 
induced in ice to a minimum value. 
Second, I fail to see in Kingery’s Table 
1 the more than tenfold increase in 
strength from Fiberglas additions that 
he finds. 

In his enumeration of requirements 
for fibers to be effective in reinforcing 
materials, Kingery has omitted the third 
essential feature of the system: good 
adhesion must be achieved at the fiber- 
matrix interface. Again, no knowledge 
of dislocations is required to derive this. 

JAMES E. McNutt 
Wilmington, Delaware 


McNutt’s opinion that dislocation 
theory has been of marginal “useful- 
ness” for developing improved alloys is 
a minority, but not uncommon, opinion 
among metallurgists. It is probably 
true that the scientists who have con- 
tributed most to dislocation theory have 
contributed least to alloy development. 
The argument that technological im- 
provements would have been made with 
equal facility without a background of 
understanding based on_ dislocation 
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theory is difficult to refute when, in 
fact, there are few, if any, competent 
alloy developers unaware of disloca- 
tions. At the present time, dislocations 
are a significant part of the “classical 
point of view on strengthening of 
materials.” 

I think there can be no dispute about 
the utility of dislocation theory for 
“rationalizing observed strengths.” A 
glance through any contemporary sym- 
posium volume on fracture, deforma- 
tion, or mechanical properties makes it 
clear that dislocation theory forms the 
foundation for any science (as opposed 
to technology) of mechanical behavior 
of materials. 

W. D. KiNGERY 
Ice Research Laboratory, 
Massachusetts Institute of Technology, 
Cambridge 


Medical Instrumentation 


Duncan A. Holaday is to be com- 
mended for his excellent survey “Where 
does instrumentation enter into medi- 
cine?” [Science 134, 1172 (1961)]. He 
perhaps was more harsh in some of his 
criticism than someone outside the 
medical profession could be. However, 
his solutions to the dilemma—to train 
physicians in engineering and to bring 
engineers into hospitals—pose further 
dilemmas, 

Let us consider the first problem: 
Where does a physician get such train- 
ing? Only one or two institutions offer a 
training program honestly aimed at 
instrumentation. The several biomedical 





engineering programs offered elsewhere | 


are directed toward developing an engi- 
neer with cross-disciplinary training for 


research—not a man who is a specialist | 


at measurement. 

Measurement systems are largely 
electrical or electronic, so one would 
expect to find electrical engineers with 
the necessary training. However, instru- 
mentation is an unwanted by-product in 
most university electrical-engineering 
departments. The trend is toward train- 
ing physicists for applied research, and 
instrumentatiou is no longer “respect- 
able.” 

In any attempt to bring the engineer 
into the hospital there are two distinct 
obstacles. First, mnonengineering ad- 
ministrators generally have little under- 
standing of what an engineer is, be- 
yond “someone who knows about elec- 
tronics, radios, and so on.” Conse- 
quently, in all but a few hospitals the 
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THE HUMAN INTEGUMENT 
NORMAL AND ABNORMAL 


Editor: Stephen Rothman 1959 


AAAS Symposium Volume No. 54 


A symposium presented on 28-29 De- 
cember 1957, at the Indianapclis 
meeting of the American Association 
for the Advancement of Science and 
cosponsored by the Committee on 
Cosmetics of the American Medical 
Association and the Society for In- 
vestigative Dermatology. The volume 
offers a fair illustration of what has 
been achieved by modern research in 
cultaneous physiology and pathophys- 
iology. 


270 pp., 59 illus., index, cloth. $6.75 
AAAS members’ cash orders $5.75 
Chapters 
1) The Integument as an Organ of 

Protection 


2) Circulation and Vascular Reaction 
3) Sebaceous Gland Secretion 


4) Pathogenetic Factors in Pre-malig- 
nant Conditions and Malignan- 
cies of the Skin 


British Agents: Bailey Bros. & Swinfen, 
Ltd., Hyde House, W. Central Street, 
London, W.C.1 
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salaries for electronics personnel are set 
at the level of the local radio-TV repair 
man—usually less than a recent engi- 
neering graduate receives. If one wishes 
to attract a man with several years’ ex- 
perience who can bring valuable, up-to- 
date techniques into the hospital, one 
must offer a professional salary. 

I feel that most engineers interested 
in a career as a specialist in medical 
instrumentation will be research-type 
men who will want to conduct their 
own research programs in addition to 
tackling measurement problems for 
physicians. Consequently, a second big 
question is raised: Is the engineer to be 
a professional staff or faculty member 
or just a technician? Few capable, ex- 
perienced engineers will accept the 
latter position. 

It is obvious that there are few engi- 
neers with the background to make 
medical judgments; however, a_ basic 
problem of instrumentation is that of 
finding how to obtain significant meas- 
urements. We already have too many 
gadgets produced by well-meaning engi- 
neers who don’t know the medical prob- 
lems, or by medical personnel who 
asked for a device but did not authorize 
an engineering study of the over-all 
measurement problem. 

No real advances in medical instru- 
mentation will be possible until both 
physicians and engineers consider each 
other specialists and are willing to work 
together on a professional level. It 
seems apparent that either of Holaday’s 
solutions will require a re-education of 
both physicians and engineers. 

FRED R. Sias, JR. 
Biophysics Department, 
Johns Hopkins University, 
Baltimore, Maryland 


Sias is undoubtedly correct in his 
conclusion that both physicians and 
engineers will need training in the 
other’s art before they are able to work 
together effectively. 

Programs to indoctrinate engineers in 
biomedical areas are beginning to 
appear. It is true that the emphasis is 
toward research rather than applied 
instrumentation, and toward biophysics 
and bionics (the application of life 
processes to the solution of engineering 
problems) rather than medical engi- 
neering. Efforts in these areas should, 
nevertheless, generate mutual respect 
and, in the course of time, solutions 
to more immediately practical problems. 

Those who have the greatest stake in 
medical instrumentation might give 
some thought to helping. Physicians 





and hospital administrators could prof- 
itably make space for engineers to 
work in their laboratories. Instrument 
companies would be well advised to re- 
move their development engineers from 
factory drafting boards, where the engi- 
neers continue to make conceptual mis- 
takes in designing instruments for use 
in patient care, and accept opportunities 
to place these engineers in hospitals 
where the latter can witness the causes 
of earlier failures and participate in 
field trails of new attempts. 

DuncaN A. HOLADAY 
Department of Surgery, 
University of Chicago, 
Chicago, Illinois 


Selling Methods 


Out of profound respect for Science 


and its readers, many of whom are also 
contributors and advisers to Encyclo- 
paedia Britannica, 1 am compelled to 
comment on your editorial “The com- 
pany they keep” [Science 134, 75 
(1961)]. 

The editorial gives the strong—but 
erroneous—impression that a_ recent 
Federal Trade Commission order affect- 
ing Encyclopaedia Britannica deals with 
current selling methods. This is not 
true. 

The original action by the FTC on 
which the citation was based was taken 
in May 1958 and involved complaints 
received by the FTC prior to that time. 

Our salesmen have always been in- 
structed, under penalty of immediate 
discharge, not to use the kind of ir- 
regular sales presentation that led to 
the FTC complaints. As soon as these 
individual complaints were brought to 
our attention, we took immediate steps 
to insure against their recurrence. 

Harry E. HouGHTON 
Encyclopaedia Britannica, 
Chicago, Illinois 


Here is the sequence of Federal Trade 
Commission documents on which my 
editorial on the Encyclopaedia Britan- 
nica, Inc., was based: (i) a “Complaint,” 
filed 5 May 1958, serving notice to the 
Britannica company to appear at FTC 
hearings; (ii) an “Initial Decision,” filed 
30 August 1960, ordering the company 
to “cease and desist” from certain sales 
practices; and (iii) a “Final Order,” 
filed 16 June 1961, ordering the com- 
pany to “cease and desist” from certain 
sales practices, following the company’s 
appeal of the initial decision.—J.T. 
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Difco reagents for the diagnosis of 
Group A Streptococcal Infections 


® RHEUMATIC FEVER 
@® GLOMERULONEPHRITIS 


ANTISTREPTOLYSIN O TITERS (ASTO) 
and their relation to pathological conditions in 
Group A streptococcal infections have estab- 
| lished the importance of this determination as a 
routine clinical test. l 


ardized and stable reagent requiring only rehydration 
with distilled water. Antistreptolysin O titers have 
| been impractical for routine diagnosis because of the 
difficulties in preparing the reagent. Bacto-Streptolysin 

| O Reagent is a standardized preparation permitting || 
| the routine performance of this diagnostic test in all | 
clinical laboratories. | 
| 


| Bacto-Streptolysin O Reagent—a dehydrated, stand- 
| 


Bacto-ASTO Standard—an antiserum titred in Todd 
units for use as a control in the determination of 
antistreptolysin O titers. 


Descriptive literature sent upon request. 
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CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY fer ads must reach SCIENCE 2 weeks 
before issue date (Friday of every week). 


DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission allowed for 
ads under 4 inches. 
Minimum ad: 1 inch. Ads over 1 inch 
will be billed to the nearest quarter 
inch. Frequency rate will apply to only 
repeat of same ad. No copy changes. 
Poyment in advance is required except 
where satisfactory credit has been es- 
tablished. 


Single insertion 
4 times in 1 year 


No cash discount. 


$40.00 per inch 
38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 


Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














iil POSTTIONS WANTED jill 


Science Writer, Ph.D. Seeks free-lance assign- 
ments by mail. Experienced writer of research 
ge and popular encyclopedia articles. Box 
29, SCIENCE. x 








Toxicologist-Animal Pathologist, Ph.D., age 35; 
8 years of broad experience in toxicity testing 
methods and evaluation of pertinent pathology. 
Desires industrial position with opportunity for 
continued professional growth. Box 230, SCI- 
ENCE. 12/29 





Iii POSITIONS OPEN _ |i 


Iii POStT1ONS OPEN ill 








CLINICAL 
CHEMIST 


Experienced. Position entails re- 
search in methods and instru- 
ments. High salary. Good future. 
Excellent conditions. 


Technicon Instruments Corporation 
Chauncey, New York 








INVERTEBRATE ZOOLOGIST and/or PAR- 
ASITOLOGIST. For well-known biological 
supply house. Challenging opportunity for 
energetic and imaginative person. Supervise 
and develop wide range of laboratory cul- 
tures. Close liaison with advancing areas of 
biololical sciences and education. Ph.D. de- 
gree, teaching experience, and knowledge of 
biological techniques desired. Box 231, 
SCIENCE. 














(a) Microbiologist-Virologists, basic investigations; 
$7500-$12,000, midwestern hospital. (b) Biochem- 
ists, neurochemistry and nutrition research, east- 
ern hospital. (c) Physiology-Pharmacology faculty 
eastern medical college; to $8500. (d) Biochemist, 
DNA biosynthesis research; East; $8000 $13,000. 
(e) Biochemist, Pharmacist, M.S., B.S., eastern 


pharmaceutical house. (f) Physics Department 
Head, western university; to $12,000. (g) Bio- 
chemist-I hemist, allergy research; eastern 








MEDICAL DIRECTOR. Well-established mid- 
western ethical pharmaceutical manufacturer in- 
vites applications for position as top scientific ad- 
ministrator. M.D. or Ph.D. with special training 
in pharmacology or chemistry desired. Duties are 
varied and include medical writing, new product 
development, supervision of research, arranging 
for clinical investigations and responsibility for 
operation of research and control laboratories. 
Salary open. Forward full résumé to Ray > 
Johns, Kremers-Urban Co., Milwaukee 1, Wis. 





hospital; to $12,000. (h) Anatomy Faculty, mid- 
eastern university; $7500 up. (i) Physiologist, di- 
rector of clinical research; western hospital. () 
Clinical Biochemist, supervisory, mideastern hos- 
pital; $10,000. (k) Histochemist-Cytologist, virus 
research; East. (D harmacologist, hospital 
research, academic appointment; East; $10,000- 
$12,000. Many other opportunities available. 
Please write Science Division, The Medical Bu- 
reau, Inc., Burneice Larson, Chairman, 900 North 
Michigan Avenue, Chicago 11, Illinois. x 














Ph.D. or equivalent 


To participate in protein studies of 
chronic diseases. Research institute New 
York City area. 


Box 224, SCIENCE 











SENIOR RESEARCH PHARMACOLOGIST. 
Opportunity exists for Ph.D. with industrial 
experience in expanding upstate New York 
pharmaceutical company. Have a leading part 
in examining new chemicals, evaluating drug 
action, recommending new drug _ investigation. 
Supervise scientific personnel. Send full in- 
formation to 


Box- 232, SCIENCE 
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SYMPOSIUM ON BASIC 
RESEARCH 


Editor: Dael Wolfle 1959 


AAAS Symposium Volume 
No. 56 


328 pages, cloth $3.00 


AAAS members’ cash order, price $2.50 
Sponsored by the National Academy 
of Sciences, the American Association 
for the Advancement of Science, and 
the Alfred P. Sloan Foundation. 


CONTENTS 


J. Robert Oppenheimer, The Need for 
New Knowledge 


Alan T. Waterman, Basic Research in 
the United States 
W. O. Baker, The Paradox of Choice 


Laurence M. Gould, Basic Research 
and the Liberal Arts College 


C. A. Elvehjem, Basic Research and the 
State University 


Lee A. DuBridge, Basic Research and 
the Private University 


James R. Killian, Jr., 
sions 


Capsule Conclu- 


Crawford H. Greenewalt, Basic Re- 
search: A Technological Savings Ac- 
count 


Dwight D. Eisenhower, Science: Hand- 
maiden of Freedom 


Allen V. Astin, Basic Research in Gov- 
ernment Laboratories 


James B. Fisk, Basic Research in In- 
dustrial Laboratories 


Merle A. Tuve, Basic Research in Pri- 
vate Research Institutes 


Paul E. Klopsteg, Support of Basic Re- 
search from Government 


Robert E. Wilson, Support of Basic 
Research by Industry 


Robert S. Morison, Support of Basic 
Research from Private Philanthropy 


Dael Wolfle, The Support of Basic Re- 
search: Summary of the Symposium 


British Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, W. Central Street, 
London, W.C.1 


American Association for the 
Advancement of Science 


1515 Massachusetts Avenue, NW 
Washington 5, D.C. 

















tiil| POSITIONS OPEN |jfiiililil 


Vacancies exist at Veterans Administration Hos- 
pital, Cleveland, Ohio, for BIOCHEMIST, Ph.D., 
with primary duties in clinical laboratory. Ap- 
proximately 25 percent of the, duties will consist 
of performing research functions. 827-bed general 
hospital affiliated with Western Reserve Univer- 
sity. Beginning salary $7560 to $10,635 depending 
on experience of applicant. Annual increments, 
liberal employee benefits, including low-cost group 
life insurance, health insurance, and an excellent 
retirement system. Write Chief, Personnel Divi- 
sion, Veterans Administration Hospital, 7300 
York Road, Cleveland 30, Ohio. x 











HUMAN FACTORS ENGINEER 
ENGINEERING PSYCHOLOGIST 
Staff positions open for qualified scientists 
to participate in significant research pro- 
grams in such areas as visual and audi- 
tory perception, psychophysics, and psy- 
chophysiology, man-machine communica- 
tion, artificial intelligence, and human 

performance capabilities. 
Scientists with appropriate experience are 
invited to reply to: 
J. E. Rentschler 
Cornell Aeronautical Laboratory, Inc. 
of Cornell University 
Buffalo 21 New York 

















(a) Microbiologist; Ph.D. w/trng, int in immunol; 
invest basic probs in host defense mechanisms, 
dev, eval new diagnostic reagents; lead grp 2-3; 
to $11,000; lge pharm co; E. (b) Biochemist; 
Ph.D. supv dept; ass’t in org coll affil med tech 
schl; 250-bd vol gen hsp; to $12,000; indus city 
fairly nr Chgo. (c) Enzymologist; Ph.D., M.S., 
exp’d enzyme prep, systems; well-estab co, nat’l 
distrib; to $10,000; SE. (d) Biochemist; Ph.D.; 
act as ass’t adm clin labs, sr technical adviser; 
oppties avail in teaching, rsrch; pref broad inter- 
ests incl immunol, radioisotopes; 300-bd gen hsp; 
NE. (e) Bacteriologist; pref M.S. to hd sect; aid 
various trng progs; fully apprv’d gen hsp 300 bds; 
min $6000; SE. (f) Pharmacologist; Ph.D. for 
basic rsrch psychopharmacol; $9000 up; noted co, 
E. Science Division, Woodward Medical Person- 
nel Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. x 





ELECTRON MICROSCOPIST. Sales-service op- 
portunity with Mikros, Inc.—electron microscopes, 
electron beam devices, vacuum evaporators. Re- 
quirements—B.S. or B.A. degree in engineering or 
biological sciences and minimum of 2 years’ 
experience in electron microscopy, including 
sample preparation and instrument servicing. Some 
travel. Salary $500-$800. Write Paul Lintner, 
MIKROS, Inc., 7620 S. W. Macadam Ave., Port- 
land 19, Oregon. 








Chemist: Ph.D. in biochemistry or organic 


chemistry with experience in protein 
chemistry to engage in research. Excellent 
facilities. $9000 year. Send curriculum 


vitae to: Box SM535, 56 W 45 St NY 36 








WANTED 


Graduate Assistant in Biochemical Research, 


degree in botany. Interesting problem in 
mushroom he 9 Half-time, $255 month. 
$3060 year. . 8S. S. Block, 405 Reed Labo- 
ratory, 


University of Florida 
Gainesville, Florida 














lll) = FELLOWSHIPS — (iii 


Applications are being accepted for GRADU- 
ATE STUDY IN MICROBIOLOGY leading to 
Ph.D. Research and training programs in prog- 
ress on biochemical and biological aspects of 
normal and virus-infected tissue culture systems 
and other aspects of virology, mechanisms con- 
trolling bacterial cell division, electron transport, 
bacteriophage genetics and biochemistry, im- 
munology, and nucleic acid and protein synthesis. 
Adequate fellowship stipends available. Write to 
Chairman, Department of Microbiology, Saint 
ree University School of Medicine, St. Louis 

. Missouri. 1/5 








The Market Place 





DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
tablished. 
Single insertion 
4 times in 1 year 

13 times in 1 year 

26 times in 1 year 40.00 per inch 


PROOFS: If copy is to be set, and proofs 
submitted for approval, complete copy 
and cuts must be received 4 weeks in 
advance of issue date (Friday of each 
week); complete plates no later than 3 
weeks in advance of issue date. 


$48.00 per inch 
44.00 per inch 
42.00 per inch 














iil] BOOKS AND MAGAZINES Ifill 


Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











1 
! FOR UP-TO-DATE INFORMATION ON ! 
GAS CHROMATOGRAPHY 
READ AEROGRAPH RESEARCH NOTES 





free WILKENS INSTRUMENT & RESEARCH INC, 


! 

1 

eee ' 

| write for your 
Box 313-A * Walnut Creek, Calif, 


subscription 
L 








— PRIMATES — 

Rhesus - Cynomolgus — Nemestrina 
Research Grade — T.B. Tested 
Stabilized and Guaranteed 
ASIATIC ANIMAL IMPORTS, INC. 


Research Primate Division 
P.O. Box 8125 International airport 
San Francisco 2 
YUkon 2-6866 





OXford 7-3747 



















YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373° Denver 16, Colo. 




















¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, Ill. 












GAS 


GOT ID 
Supplies 


and FATTY ACID STANDARDS 
APPLIED SCIENCE LABORATORIES, INC. 
Dept. S, Box 140 
State College, Penna. 











CHARLES RIVER *CD-1 
® (Caesarean-derived) 


ALBINO 


ac Ci 


SWISS ICR 


Hypophysectomies available 
mS THE CHARLES RIVER 
* There MOUSE FARMS 


1018 Beacon St., Brookline 46, Mass., RE 4-2000 


T 
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Perkin-Elmer 


Serum, Plasma 


or Urine 


determinations... quickly 
and pig .. from 


with the con 


&)/ TS* meter 


(a Goldberg Refractometer) 


The new AO TS Meter requires just one drop 
of sample to provide immediate, accurate deter- 
minations of total solids, specific gravity, refrac- 
tive index, protein concentration or water 
concentration in serum, plasma and urine. 


Minute Sample Required: As little as 0.02 ml 
of sample is sufficient for the most precise deter- 
mination. Minute sample previously reported 
“q.n.s.” now can be read routinely for example, 
in pediatric urinalysis, in oliguric patients, and 
in collection from ureteral catheters or micro- 
hematocrit tubes. 


Temperature-Compensated for Unsurpassed 
Accuracy: The AO TS Meter provides auto- 
matic temperature compensation for all aqueous 
solutions. Differences in room, instrument or 
sample temperatures do not affect readings. 
Error from these sources is reduced to less than 
0.1% over the range of 65° to 95°F. Readings 
are consistently obtained with a degree of accu- 


racy, speed and reproducibility significantly 
better than those obtained with urinometers, 
the falling-drop method or with instruments 
uncompensated for temperature. 


Direct Readings: You make an immediate 
analysis directly from the built-in scale... 
without references to graphs, tables or ther- 
mometer readings. Two models are available. 
Model 10400 provides determinations of total 
solids in plasma or serum and urine specific 
gravity; model 10401 gives readings of protein 
concentration and refractive index. 


*Total Solids Meter. The AO TS Meter and 
this method of analysis was developed in close 
cooperation with Dr. A. V. Wolf, Head of the 
Department of Physiology, University of 
Illinois, College of Medicine, Chicago, Il. 


Write for complete information! 


American &) Optical ----- 


COMPANY 


INSTRUMENT DIVISION, BUFFALO 18, NEW YORK 


Dept. Z-4 


Gentlemen: 
AO TS Meter. 


Name 


Please send Brochure SB10400~with complete information about the new 





Address 





City .. 5 ND sn cadtcine 


IN CANADA write -- American Optical Company Canada Ltd., 


Toronto, Ontario 


Box 40, Terminal A, 





oO 


